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ABSTRACT 
Primary vesicoureteric reflux (VUR) is a common urological problem 
in children. Traditionally, it is regarded as a congenital disorder of the 
ureterovesical junction and, if left untreated, will predispose to urinary 
tract infection and renal damage, or reflux nephropathy (RN). Despite over 
two decades of intensive research, however, there is still disagreement over 
the treatment of choice for VUR. Large prospective controlled trials, 
notably from the International Reflux Study Group, have not demonstrated 
benefits of either medical or surgical therapy over each other: both 
treatment modalities appear to be equally effective. 
Previous studies have indicated that VUR was typically found in 
older girls who presented with symptomatic UTI. The advent of prenatal 
ultrasonography during the past decade has however introduced a new 
population of asymptomatic, healthy neonates with VUR detected following 
a prenatal diagnosis of fetal urinary tract dilatation. This particular group 
of refluxing infants diagnosed antenatally is characterized by a marked 
male preponderance and high grade reflux which is often associated with 
~ renal anomalies. The remarkable differences between male and female 
refluxers have led this author to postulate that a period of transient in-utero 
bladder outflow obstruction may have occurred during the complex events 
in the embryological development of the male lower urinary tract which, in 
turn, may lead to VUR, renal maldevelopment, and probably bladder 
dysfunction. The work described in this thesis consists of a series of clinical 
studies to evaluate the differences in characteristics between male and 
female refluxing infants and to test whether the hypothetical in-utero 
bladder outlet obstruction can be reflected by abnormal bladder function in 
early infancy, particularly in the males. In addition, attempts were made to 
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substratify "primary" VUR into different pathogenetic entities, with special 
reference to bladder function, and to correlate the different urodynamic 
patterns in infancy with the outcome of reflux. 
I) Clinicopathological studies of children with gross VUR submitted to 
nephrectomy 
The clinical findings and renal histopathology were reviewed in a 
group of children of which 94% were males with gross primary VUR 
submitted to unilateral nephrectomy. There were marked differences 
between males and females. The male patients presented 
significantly earlier and had nephrectomies younger than the 
females. Segmental scarring was frequent in both males and females, 
but evidence of dysplastic changes suggestive of intrauterine renal 
， malformation was confined only to the male patients and occurred in 
the majority (63%). 
II) Studies on primary VUR in infants with prenatally diagnosed 
hydronephrosis 
155 infants (117 males, 38 females; 236 refluxing units) with primary 
VUR detected following a prenatal diagnosis of hydronephrosis were 
evaluated. There were again striking differences between males and 
females. Boys had significantly more bilateral hydronephrosis 
detected prenatally than girls. Significantly more refluxing units in 
boys were high grades (Grades IV and V) as compared to girls. Early 
DMSA scans revealed abnormalities in over 40% of refluxing kidneys 
in boys as compared to only 12% in girls (p < 0.001). Of note, the 
small "dysplastic" kidneys were almost confined exclusively to the 
male refluxers. In addition, the bladder wall thickness in boys were 
significantly higher than in girls. The findings therefore strongly 
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support the hypothesis that primary VUR in male and female infants 
probably involve different pathogenetic mechanisms. Furthermore, a 
period of bladder outlet obstruction may have occurred in some of 
the male refluxing infants in intrauterine life. 
! 
Ill) Urethrograms in male refluxing infants with prenatally diagnosed 
hydronephrosis 
The urethrograms in a group of male refluxing infants with 
prenatally diagnosed hydronephrosis were independently reviewed 
by a consultant paediatric radiologist and a consultant paediatric 
urologist. Of 87 sets of urethrograms available for evaluation, 33 
(38%) were diagnosed to be abnormal by both observers. There was 
a significant correlation between abnormal urethras and higher 
grades of reflux. Subsequent urethroscopic examination was 
performed in ten of the infants with abnormal urethrograms and in 7 
various anomalies including ruptured syringocele (2), Moormann's 
rings (3), congenital obstructive posterior urethral membranes (3), 
and abnormal scarring of the bulbous urethra (1) were found. In one 
infant multiple obstructive elements were detected in the bulbous 
and posterior urethra. The findings therefore indicate that subtle 
urethral abnormalities, which may cause significant outflow 
obstruction, are commonly encountered in male infants with 
prenatally diagnosed VUR. Such lesions may act as an exacerbating 
or even intiating factor for 'primary' reflux. 
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IV) Natural filling cystometry in infancy: a new technique 
As conventional urodynamic studies in infants and young children 
are technically difficult due to poor patient cooperation and no 
standard values are currently available for reference, a new 
technique adapting modern adult ambulatory monitoring technology 
for prolonged natural filling cystometry was pioneered for use in 
young infants. Using this technique, bladder function studies were 
performed in a 'control' group of infants with normal lower urinary 
tract from which a new set of normal standard urodynamic 
parameters in infancy was derived. Bladder function studies were 
then performed in the refluxing infants in two phases: (i) early in 
infancy at about 6 months of age; and (ii) during the second year of 
life at about 15 months. Cystometry at each phase was 
supplemented by direct isotope cystography to document reflux 
during bladder filling. 
V) Natural filling cystometry in young refluxing infants (at 6 months) 
Prolonged urodynamics studies using the natural fill technique were 
undertaken in 31 infants (27 boys) with primary VUR. Comparing 
with a control group of age-matched infants with normal lower 
urinary tracts, results from the urodynamics studies of the refluxing 
infants could be categorized into 6 different patterns: (1) Normal / 
Hypercontractile : 8 infants (26%); (2) Immature / Hyper contractile : 
5 infants (16%); (3) Dyssynergic : 8 infants (26%); (4) Unstable : 6 
infants (19%); (5) Inadequate : 3 infants (10%); (6) Obstructive : 1 
infant (3%). The results indicate that voiding pressures in these 
refluxing patients, the majority of which are males, are significantly 
higher than normal controls during early infancy, further supporting 
the hypothesis that some degree of bladder outflow obstruction may 
1 2 -一 
have been present. Furthermore, various patterns of bladder 
dysfunction, mostly in the form of significant detrusor instability 
and inadequate bladder emptying, is not uncommon among young 
infants with 'primary' vesicoureteric reflux. 
VI) Relationship between bladder functional status and early outcome of 
reflux during the second year of life 
Fifty-one patients (41 boys) with significant primary VUR (Grade III 
or higher) diagnosed before 6 months of age were treated 
conservatively and studied at 15 months with natural filling 
cystometry. Results from the urodynamic studies again could be 
categorized into 6 different patterns as in early infancy. VUR 
persisted in 28 patients (25 boys : 3 girls). There was a strong 
correlation between the bladder functional status and the early 
a 
outcome of primary VUR. Of 35 refluxing units (22 infants) 
associated with either normal or normal/ immature bladders, reflux 
resolved spontaneously in 32 units (91%). In contrast, of 51 refluxing 
units (29 infants) associated with either dyssynergic, unstable, 
inadequate or obstructive bladders, reflux disappeared in only 9 
units (p < 0.001). Of note, the high voiding pressures in the males 
comparing to normal controls that were observed during early 
infancy were not recorded in the second year of life. This supports 
the postulation that any in-utero bladder outflow obstruction, if 
present, are probably transient and will resolve soon after birth. 
More importantly, this parallels the high spontaneous resolution rate 
of reflux during the second year of life. 
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VII) Natural filling direct isotope cystography with synchronous 
urodynamic study (NFDIQ: A new technique with significant 
prognostic value 
In order to better evaluate the dynamics of a refluxing system under 
a more physiological condition, a new technique combining direct 
radio-isotope cystography and synchronous bladder pressure 
recording during natural filling from the upper tract, i.e. NFDIC, was 
introduced. Twenty-six infants with 46 refluxing units on 
conventional micturating cysto-urethrogram (MCU) were studied. 
Compared with the MCU, reflux was not detected in a substantial 
proportion of cases. Demonstration of VUR by NFDIC was 
significantly related to the presence of underlying abnormal bladder 
function. Furthermore, detection of reflux by NFDIC in the first year 
had a significant correlation with the outcome of reflux on follow-up 
cystography during the second year of life. The positive and 
negative predictive values for the persistence of reflux at 15 months 
of age were 93% and 79% respectively. It is therefore concluded that 
NFDIC is a more physiological method of demonstrating VUR and 
has a much more important bearing on the prognosis and 
management of reflux than conventional MCU. 
VIII) Quantitation of VUR and bladder emptying by synchronous isotope 
cystography and urodynamic recording (QIC) 
The intricate relationship between VUR and impaired bladder 
emptying has remained an unsettled issue. Recurrent urinary 
infections associated with large post-micturition residues have been 
regarded by most paediatric urologists as an absolute indication for 
antireflux surgery. With the help of quantitative isotope cystography 
(QIC), a bladder emptying index (BEI) was calculated which could be 
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used as an indicator of absolute bladder output. It was demonstrated 
that VUR did not contribute significantly to impaired bladder 
emptying in over half of the infants who had an inadequate 
urodynamic pattern. In those infants where active reflux did 
contribute in part to the poor bladder emptying, only 20% had a BEI 
greater than 70%. This implies that in the majority (>80%) of patients 
with inadequate bladders associated with reflux, the failure of the 
bladder to empty is a primary problem rather than a secondary 
phenomenon to VUR. 
In conclusions, the following statements can be made: 
(I) Primary VUR and RN in male and female infants probably 
“ involve different pathogenetic mechanisms. 
(ii) Post-pyelonephritic segmental scarring was frequent in both 
males and females with RN, but evidence of dysplastic changes 
suggestive of intrauterine renal malformation was confined 
only to the males and occurred in the majority. 
(iii) High grade reflux in male infants with or without renal 
malformation may represent the sequelae of a transient in-utero 
episode of bladder outlet obstruction and should therefore 
probably be regarded as a different entity from symptomatic 
reflux in older children, particularly females. 
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(iv) Bladder dysfunction, mostly in the form of significant detrusor 
instability and inadequate bladder emptying, is a common 
finding among young male infants with 'primary' vesicoureteric 
reflux. 
(v) There is a strong correlation between the bladder functional 
status and the early outcome of primary VUR. 
(vi) Proper substratification of VUR into different pathogenetic 
entities, with particular reference to the presence or absence of 
bladder dysfunction and renal dysplasia, should form an 
integral part in the overall management of VUR in children. 
Appropriate treatment should probably be directed towards the 
^ underlying abnormal bladder function, rather than the reflux 
itself. 
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CHAPTER ONE 
T R A D I T I O N A L CONCEPTS 
OF 
V E S I C O U R E T E R I C REFLUX 
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1.1 Historic review 
Vesicoureteric reflux (VUR) is the abnormal retrograde propulsion of 
urine from the bladder to the upper urinary tract through an incompetent 
ureterovesical junction. 
Galen, as early as 150 A.D., was attributed to be the first one who 
noted from human autopsy studies that VUR did not occur normally in man 
[1]. In 1883, Semblinow first demonstrated reflux experimentally in 
anaesthetized animals [2� .Pozzi, in 1893, was the first to observe reflux in 
man when he noted the efflux of urine from the distal cut end of an 
accidentally severed ureter during pelvic surgery [3]. However, in 
experiments with human cadavers in 1898, Young and Wesson were unable 
_ to demonstrate reflux of urine from the bladder to the ureter � . T h i s was 
followed by Sampson, who, in 1903, noted that the normal obliquity of the 
distal ureter through the bladder prevented reflux [5]. Gruber, in 1929, 
showed that there was species variation in the occurrence of reflux and that 
it was virtually always present in rats, common in rabbits, less frequent in 
dogs and rare in pigs and man. It was also demonstrated that the degree of 
reflux varied inversely with the thickness of the bladder wall and the length 
of the intravesical ureter 14�.Subsequently sporadic clinical as well as 
experimental reports on this subject appeared in the literature, but it was 
not until Hutch's classic studies on the pathophysiology of reflux in 
paraplegic patients and its association with chronic pyelonephritis which 
heralded the era of intense interest in VUR. The work has also led the way 
to the widespread use of micturating cystourethrogram (MCU) in the 
evaluation of patients with unexplained hydronephrosis and recurrent 
urinary tract infections [6-10�. 
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During the early 1950's, reflux was generally regarded as secondary 
to bladder neck pathology. Apparent narrowing of the bladder neck in 
relation to the proximal urethra as seen on voiding films, and the common 
occurrence of post-micturition residue during MCU, were interpreted as 
indicative of outflow obstruction at the level of the bladder neck. This view 
has led to the widespread use of bladder neck V-Y plasty or urethrotomy to 
relieve probably nonexistent obstruction in the management of reflux 
during the 1950's and early 1960's 吼 It was only after Politano and 
Leadbetter published their technique for antireflux surgery that surgery 
became more standardized 叫. 
The recognition of the relationship between pyelonephritic renal 
scarring and VUR by Hodson and Edwards in 1960 叫，followed by Smellie 
‘ in 1964�12], has been another important landmark in our understanding of 
the pathophysiology of reflux. In the ensuing three decades, a large number 
of clinical and experimental studies have been performed in relation to 
VUR, renal scarring and urinary tract infection. Reflux has since been 
accepted as the result of a congenital developmental anomaly of the 
ureterovesical junction. Renal scarring, or reflux nephropathy, is recognized 
as a phenomenon acquired postnatally due to a combined effect of VUR 
and urinary infection. Considerable confusions however still exist as to the 
effect of reflux per se on renal growth and function, its relationship with 
bladder dysfunction and urinary infections, the pathogenesis of reflux 
nephropathy, and most importantly, the choice of treatment especially in 
individual cases. 
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1.2 Vesicoureteric reflux as an anomaly 
！ 
1.2.1 The normal ureterovesical junction 
The integrity and competence of a normal ureterovesical junction 
plays a crucial role in the prevention of reflux. Many previous workers have 
examined the anatomy of the ureterovesical junction in order to understand 
the antireflux mechanisms involved [17-21]• The distal ureter penetrates the 
bladder wall with an oblique intramural passage through the detrusor 
muscle and extends for a short submucosal length to open onto the trigone. 
The ureterovesical junction consists of three histologically distinct muscle 
components: a complete inner layer of longitudinal ureteric muscle, an 
intermediate layer of interlacing meshwork of smooth muscle bundles, 
* which is separated from an outer layer of detrusor muscle by a continuous 
sheet of connective tissue [ 3 7 � . A s the ureter enters the bladder wall it 
becomes surrounded by a fibrous sheath (Waldeyer's sheath) [22]. Within 
this sheath the intravesical ureter can slide to adapt to various degree of 
bladder filling. Distally as the ureteric orifice is approached the submucosal 
segments of the inner and intermediate layers fan out to merge with fibers 
from the contralateral ureter as well as the superficial muscle of the trigone, 
from which it becomes indistinguishable [22, 37]. The muscle complex of the 
trigone and the posterior urethra acts as a single functional unit. 
Experimental interruption of this muscle unit has been shown to produce 
incompetence of the ureterovesical junction and reflux 州. 
During bladder filling, any increase in intravesical pressure will 
result in compression of the submucosal ureter between the bladder mucosa 
and the detrusor muscle, thereby creating a "flap-valve" mechanism that 
prevents reflux. This passive antireflux mechanism was well demonstrated 
28 : 
. . . „ .... . 
by postmortem studies in human cadavers � . During micturition, this 
passive mechanism is augmented by active contraction of the 
ureterotrigonal muscle complex which closes the ureteral ostium [32,33�. 
1.2.2 Proposed pathogenesis of VUR 
The action of the antireflux mechanism at the ureterovesical junction 
depends on a combination of factors: (i) an oblique entry of the ureter into 
the bladder; (ii) the length of the intramural and submucosal ureter; and 
(iii) a good buttress support posteriorly by detrusor muscle�22� . The 
antireflux mechanism is mainly passive: any increase in bladder pressure 
will lead to compression of the intravesical ureter thus preventing reflux. 
Primary VUR is generally regarded as a congenital anomaly or 
maldevelopment of the ureterovesical junction, with loss of one or more of 
the factors contributing to the antireflux mechanism. The importance of an 
adequate submucosal length of the intravesical ureter has been emphasized 
by many workers [25-26, 32, 33, 34' 35]. Conversely, a short intravesical ureter, 
together with a poorly developed trigone and hence inadequate posterior 
detrusor buttress effect, will predispose to reflux [23' 27-28,32,33]. The diameter-
to-length ratio of the submucosal ureter has been suggested by some 
workers to be an important factor in determining the effectiveness of the 
antireflux mechanism�24' 32]. Paquin found that in normal children without 
reflux the submucosal ureter diameter-to-length ratio was 5:1, as compared 
to 1.4:1 in refluxing children [24]. The same ratio has been documented to 
increase with age by Cussen (1967)問.The length of the intravesical ureter 
was estimated to average 1.3 cm in adults and 0.5 cm in new-borns 阅. 
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The configuration and position of the ureteric orifice in relation to 
the valvular competency of the ureterovesical junction has been a focus of 
interest [27,28�.Lyon et al (1969) performed a meticulous analysis of the 
ureteric orifice configuration and position, as noted on endoscopy, in 
correlation with the outcome of reflux on follow-up studies [27�. He 
described four basic orifice configurations: grade 0 or normal, cone orifice; 
grade 1 or stadium orifice; grade 2 or horseshoe orifice and grade 3 or golf-
hole orifice. Ureteric orifices that were more patulous and were located 
more posterolaterally than normal were associated with a higher incidence 
of reflux. Only 4% of normal "cone" orifice were associated with reflux, as 
compared to 28% of stadium orifice, 83% of horseshoe orifice and 100% of 
golf-hole orifice respectively. Such observations were confirmed by 
Vermillion (1973), who in addition reported a positive correlation between 
abnormal orifice position and configuration with renal scarring [28]. It is 
uncertain however whether the abnormal orifice position and configuration 
can be the result rather than the cause of persistent reflux. 
Other factors that may contribute to the antireflux mechanisms 
include actual closure of the ureteric orifice and active peristaltic activity of 
the ureter [39,40]. The latter is supported by the finding that reflux can be 
demonstrated more readily in the dehydrated state when urine flow is 
decreased. It has also been demonstrated that reflux could be produced 
experimentally by the introduction of bacteriuria or acute pyelonephritis, 
without direct manipulation of the ureterovesical junction [29-31]. It has 
been assumed that the intravesical ureter lengthens with age and this 
natural process of growth and maturation can lead to a spontaneous 
resolution of reflux�8,22]. 
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1.2.3 Ureteric bud theory 
Mackie and Stephens (1975) performed a study on specimens of 
duplex kidneys, ureters and bladders and attempted to correlate the 
position of the ureteric orifice with developmental renal abnormalities [36]. 
They postulated that a primary error occurring in the ureteric bud during 
embryogenesis might initiate a chain of events resulting in maldevelopment 
of the ureter, pelvicalyceal system and renal parenchyma. It was proposed 
that if the ureteric bud arose from an inappropriate (either too caudal or too 
cranial) position of the mesonephric duct, the ureteric orifice would be 
located in an abnormally lateral position on the trigone. Furthermore, the 
eventual point of contact between the ureteric bud and the metanephric 
blastema would also be ectopic, thereby predisposing to renal dysplasia. 
The degree of lateral displacement of the ureteric orifice correlated well 
with the degree of renal maldevelopment. In a further study Sommer and 
Stephens (1981) reported on a positive correlation between renal dysplasia 
and scarring with the abnormal position of refluxing ureteric orifices [42]. 
Such strong correlation however have not been supported by other studies 
[43]. 
1.2.4 Primary versus secondary VUR 
Primary VUR is regarded as a congenital anomaly arising as a result 
of a developmental abnormality of the ureterovesical junction which leads 
to failure of the antireflux valvular mechanism. In contrast, secondary 
reflux is defined as reflux that occurs as a result of other underlying urinary 
tract pathology which can therefore manifest at any time in life, depending 
on the occurrence of the associated condition. Such crude classification is 
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convenient for management especially in secondary reflux where treatment 
can be geared towards the underlying urinary tract problem. However, the 
labelling of any case as primary VUR depends largely on the ability of 
conventional investigatory modalities to delineate any urinary tract 
pathology. It follows therefore that all cases of reflux without overt 
evidence of other urological problems will be included as primary VUR. 
This classification is inevitably an oversimplification and the definitions 
should not be adhered to too stringently. For instance reflux can occur as a 
response to urinary infection and this has been thought to be due to a 
combination of oedema of the ureterovesical junction and loss of normal 
ureteric peristaltic activity. Such reflux can be classified as secondary as it 
occurs as a result of an underlying event. It is arguable however that the 
ureterovesical junction may itself be marginally incompetent and therefore 
there can also be an element of congenital anomaly or primary reflux as 
well [22]. Conversely, reflux occurring in association with occult underlying 
detrusor instability or detrusor-sphincter dyssynergia in an otherwise 
neurologically normal child may be labelled as primary VUR if a 
urodynamic study has not been performed to delineate the bladder 
dysfunction [44,45]. 
Reflux secondary to underlying bladder dysfunction or outflow 
obstruction can be associated with significant renal damage. Secondary 
reflux as a result of an unstable bladder, for example, can predispose to 
recurrent urinary infections, reflux and pyelonephritic renal scarring [45]. It 
is generally agreed that the management for secondary reflux under such 
circumstances should be directed towards the underlying urological 
problem. For reflux with no overt evidence of other underlying urinary 
tract abnormalities, i.e. primary VUR, the management strategy is much 
more confusing and this will be discussed in greater detail in Chapter 3. 
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1.3 Prevalence and sex distribution of VUR 
The prevalence of VUR in healthy, uninfected children is difficult to 
establish because, for obvious reasons, cystograms would be very rarely 
indicated. It was the belief of most previous workers that children with 
normal urinary tracts did not exhibit VUR. McGovern (1960) in reviewing 
the literature reported a 1.8% prevalence of primary VUR in children with 
no urinary symptoms [47�.Peters et al (1967) examined 66 healthy premature 
infants with voiding cineradiography and reported that none had VUR [48]. 
Bailey (1979) concluded that VUR might be present in 0.4% - 1.8% of normal 
healthy children with the lower figure probably being more correct [49]. 
The findings of Kollerman and Ludwig (1967) were at considerable 
variance with the above studies�50� .These workers examined 102 children 
aged six months to five years with no urological symptoms with cystograms 
performed under anaesthesia. They demonstrated a decreasing incidence of 
reflux as these normal children grew older, with an incidence of 65%, 47%, 
29%, 6% and 0% at age 6 months, 1 year, 2 years, 4 years and 5 years 
respectively. However the study has been criticized because of the method 
used in the performance of cystography 問. 
Most of the data on the epidemiology of reflux has emerged from 
children presenting clinically with symptomatic urinary infections or 
screening bacteriuria. Winberg (1974) reported an incidence of VUR varying 
from 18% - 57% in infants and children aged between two months to 16 
years who presented with their first symptomatic urinary tract infection 州. 
The incidence was significantly higher in neonates (47%) as compared to 
older children (18% -32%). These figures were similar to those reported in 
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other studies of neonates and school children who were investigated for 
screening bacteriuria [5i-53]. 
Primary VUR both in children and adults is much more prevalent in 
female than male, except during the first year of life when there is a 
contradictory male preponderance 阴'54-58]. Goldraich (1992) in a 
prospective follow-up study of refluxing children treated conservatively 
found that the diagnosis of VUR was made significantly earlier in boys than 
in girls regardless of grades of reflux. Renal lesions as detected by 
dimercaptosuccinic acid (DMSA) scan were much more severe in boys. 
However, breakthrough urinary tract infection was significantly more 
common in girls 问.Although the exact explanation for these differences in 
behaviour between male and female refluxers is still unclear, the findings 
suggest that a sub-stratification of refluxing children by sex as well as grade 
of reflux is necessary. 
With the advent of prenatal ultrasound screening for fetal anomalies 
over the last two decades, there has been an increasing number of infants 
with dilated urinary tracts detected in-utero. Because of this, an important 
new population of infants with asymptomatic VUR has been identified in 
early postnatal life. Previous reports of this particular group of refluxing 
infants have revealed uniformly a marked male preponderance [6i-65]. This 
coincides with the sex distribution of refluxing children who presented 
with symptomatic urinary tract infection during the first year of life. 
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1.4 Diagnosis and grading 
1.4.1 Micturating cystourethrogram in the diagnosis of VUR 
The micturating cystourethrogram (MCU) performed under 
fluoroscopy has been used as a standard for the diagnosis and grading of 
i 
VUR. The presence of reflux is confirmed by the demonstration of 
retrograde flow of radio-opaque contrast material from the bladder into the 
ureter and the pelvicalyceal system. The exact technique and methodology 
used however varies significantly with individual radiologist. Friedland 
(1979) suggested that contrast material at body temperature should be 
instilled to avoid irritation to the trigone�66]. McAlister (1972) compared 
different contrast materials in rats and concluded that contrast materials 
with concentrations over 15% could produce chemical irritation to the 
trigone which might result in transient reflux [67]. 
There are also significant divergence in the method of instillation of 
contrast material. While some radiologists still prefer to inject contrast 
material directly into the bladder by manual pressure through a syringe, 
most would agree that instillation by gravity flow is the method of choice 
[67]. However, even the optimal hydrostatic pressure for instillation is also 
debated. Furthermore, the examination is traumatic and often conducted 
under unphysiological conditions. The resulting straining and struggling of 
an anxious child during the examination therefore inevitably causes an 
artificial elevation of intravesical pressure. The interpretation of reflux 
occurring during bladder filling as being 'low pressure', thereby implying a 
more severe grade of reflux, must therefore be critically questioned�35]. 
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The timing of the MCU in relation to the occurrence of urinary 
infections is another often uncontrolled variable. Transient reflux could be 
produced by the presence of bacteriuria or acute pyelonephritis [29,30�.There 
was also evidence that intravesical pressure could be elevated during the 
acute phase of urinary tract infection 剛.T o minimize the possibility of this 
infection-related artefact, a bacteriuria-free period of at least 2 - 3 weeks 
prior to MCU has been recommended by most workers. 
Although MCU has been used as the gold standard for the detection 
and grading of VUR, the examination is subject to a substantial number of 
variables and is therefore potentially unreliable. Surprisingly, very little 
have been published in the literature regarding the optimal and 
standardized procedure to be followed. Few data are available on the 
percentage of false positives and negatives that are intrinsic to the different 
techniques employed; and how these can be minimized. This renders the 
examination unreliable and comparison of results and severity of reflux 
difficult between different centres 州. 
1.4.2 Radionuclide cystography 
Instead of radio-opaque contrast material, radionuclide isotopes have 
been used as an alternative to outline the bladder and upper urinary tract. 
Technetium-99m pertechnetate is usually used as the agent for direct 
instillation. The technique entails a lower radiation dose and also allows 
prolonged continuous monitoring for the occurrence of reflux under the 
gamma camera [69,7o]. Isotope cystography is particularly useful in the 
follow-up of patients with known VUR [7i�. Anatomical details obtained are 
however inferior as compared to the MCU. 
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Radionuclide cystography can also be performed indirectly by 
injection of a radio-isotope, e.g. technetium-99m diethylenetriamine-
pentaacetic acid (DTPA) intravenously. The radiopharmaceutical agent will 
be cleared by glomerular filtration and then outline the bladder usually 
within 15-20 minutes. Scanning for VUR is thus possible under the gamma 
camera [72]. The advantage of this method is that bladder catheterization is 
unnecessary. However, a high false negative rate has been reported 
especially with milder grades of reflux. Furthermore, the method depends 
on a good renal uptake of the radio-isotope and therefore is unsuitable in 
patients with grossly impaired renal function. 
1.4.3 Grading systems of VUR 
Several grading systems for the severity of VUR have been proposed, 
based on the radiological features of reflux on the MCU [73-75]. The system 
proposed by the International Reflux Study Committee (1981) divides VUR 
into 5 grades, depending on the extent of the upper urinary tract outlined 
by contrast material and the degree of dilatation of the ureter as well as the 
pelvicalyceal system [75�. The system aims at providing a standard 
classification for more objective comparison of different treatment 
modalities. However, the system does not ensure a standardization of the 
technique employed for the MCU and therefore interpretation of the 
severity of reflux is still suspect 州. 
3 7 
1.5 Natural history of VUR 
While a small proportion of kidneys subjected to reflux may become 
progressively damaged, most others will remain apparently unaffected. In 
general, there is a tendency for primary VUR to improve with time, which 
has been assumed to be due to a natural maturation of the ureterovesical 
junction. This can explain the greater prevalence of the condition in infants 
and young children as well as its rarity in adults [25,50,54-57】.Lenaghan's 
series of 102 refluxing children managed conservatively on a regimen of 
multiple micturition and intermittent chemotherapy represented the closest 
approximation to the natural course of VUR without intervention. In this 
series, an overall spontaneous resolution rate of 42% was reported. Reflux 
was more likely to persist in cases with bilateral involvement and in those 
with dilated ureters [25�.Follow-up studies by other workers of refluxing 
children managed conservatively have uniformly documented a high 
spontaneous resolution rate for both low and high grade reflux [57, 76-78]. 
This forms the basis for the success and safety of conservative management 
with long-term antibiotic prophylaxis. In general, severe grades of VUR has 
a less chance of disappearance than milder grades of reflux. Edwards et al 
(1977) in a long-term follow-up study reported a high spontaneous 
resolution rate of 85% with low grade reflux. Surprisingly, over 40% of the 
severe grades of reflux also resolved�78]. Grade of reflux alone, therefore, is 
not a reliable indicator of long-term outcome. The problem for both 
paediatric nephrologists and urologists is to predict which refluxing kidney 
is likely to suffer from progressive damage and hence early intervention is 
preferable. 
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It is necessary to distinguish the natural history of the reflux itself 
from that of the associated renal lesions. Kidneys with established cortical 
scarring or dysplastic changes cannot be expected to follow normal renal 
growth curves and management should be directed to protect the kidneys 
from further damage and maximize their growth potential [22�. in the 
absence of urinary tract infection and underlying bladder dysfunction, 
sterile reflux per se is benign and does not impair normal renal growth or 
induce renal damage [79,8o]. 
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CHAPTER TWO 
REFLUX N E P H R O P A T H Y 
'-4 
者 
4 0 : 
2.1 Introduction 
Longcope and Wickenwerder (1933) was probably the first workers 
who related the radiological and pathological appearances of chronic focal 
pyelonephritis with childhood infection [明 .B u t it was not until the work of 
Hodson and Edwards (1960), followed by Smellie et al (1964), that the 
significance of the relationship between VUR and pyelonephritic renal 
scarring was actually recognized. Since then, the term "reflux 
nephropathy" was first coined by Bailey (1973) to describe the irregular 
segmental scarring and contraction of the kidney that was often found in 
association with reflux and urinary infection 73]. This new terminology 
was quickly adopted by other workers and has now replaced "chronic non-
obstructive atrophic pyelonephritis" for the description of the condition I^ i-
84]. Reflux nephropathy (RN) has since been recognized as an important 
cause of hypertension, proteinuria and renal failure in children and young 
adults [85�. 
2.2 Pathogenesis of reflux-associated scarring 
Despite the abundance of published studies in the literature, the 
exact pathogenetic mechanisms involved in RN is still not completely clear. 
It has generally been assumed that in the majority of cases reflux 
nephropathy is acquired postnatally as a result of urinary infection in the 
presence of VUR. Although this view is supported by experimental studies 
in animals, [88,89�evidence from clinical observations is largely 
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circumstantial since pyelonephritic renal scarring is usually present at first 
symptomatic presentation. 
Radiological signs of renal scarring is usually observed in the 
presence of visible VUR but exceptions to this are not infrequently 
encountered. Bergstrom (1972) reviewed 80 neonates who were studied 
radiologically after their first symptomatic urinary infections and did not 
find any evidence of renal scarring [卯].Other workers also reported a low 
incidence of renal scarring of 5% - 8% in neonates and schoolchildren 
studied because of screening bacteriuria. In the presence of co-existing 
VUR, however, the incidence of scarring increases to 30% - 60% [52, 53, 9i, 92]. 
Appearance of new scarring in previously unscarred kidney is rare and 
almost always follows a symptomatic urinary infection [93] That new renal 
scarring can develop in refluxing children was supported by a recent study 
using technetium-99m DMSA scans: with high grade reflux scarring was 
present in 60% of children older than 4 years compared with 40% in those 
younger than 3 years. In children with low grade VUR the corresponding 
incidences were 40% and 20% respectively [94]. 
While urinary infection have been regarded by most workers as an 
important element in the initiation of renal scarring, other factors like 
congenital malformations, or renal dysplasia, may also be involved [86�.This 
has come into light largely because of the increasing use of fetal 
ultrasonography for prenatal screening, which has resulted in a new group 
of asymptomatic refluxing infants being identified following a prenatal 
diagnosis of hydronephrosis. Many of these have been found to have small, 
contracted kidneys in association with VUR but in the absence of urinary 
tract infection [59, 61-63]. This has supported the postulation that fetal VUR 
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may have a deleterious effect on intra-uterine renal growth which 
contribute to the pathogenesis of reflux nephropathy. 
In addition, the hydrodynamic effect of sterile reflux in the absence 
of bacterial infection on renal growth and function has remained 
controversial. This has been the focus of interest for many experimental 
studies [79, 80] 
2.2.1 VUR and urinary tract infection 
Most of the data regarding the role of urinary infection in the genesis 
of reflux-associated renal scarring have emerged from experimental studies. 
In their classic pig model Ransley and Risdon (1978) have demonstrated 
that VUR of infected urine could rapidly initiate segmental kidney damage 
similar to that of chronic pyelonephritis in human 剛.Subsequently they 
have further documented that the development of renal scarring could be 
aborted by the early administration of appropriate antibiotic therapy within 
a week from the onset of urinary infection 州.T h e s e observations in the 
pig model have later been reproduced in a primate model by Roberts et al 
[ 9 6 � . B y injecting a bacterial inoculum directly into the renal pelvis of 
monkeys these authors demonstrated that infected urine could produce 
renal scarring in the absence of VUR, which was attributed to ascending 
infection by P-fimbriated bacteria. It was further postulated that 
superoxide, a toxic enzyme to the renal tubules which was released as a 
result of the inflammatory response and bacterial phagocytosis during acute 
pyelonephritis, could be responsible for the renal parenchymal damage in 
reflux nephropathy�97�. 
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Using the pig model developed by Ransley and Risdon, Torres et al 
(1984) studied the effect of bacterial immunization on experimental reflux 
nephropathy [98]. Immunized animals were demonstrated to have less renal 
scarring on DMSA scans and better tubular and glomerular function as 
compared to non-immunized animals. These authors therefore concluded 
that previous exposure to a specific bacterial strain could have some 
protective effect on subsequent development of renal scarring. In a 
subsequent report Torres (1985) further conjectured that interaction of 
various pathogenetic factors including the presence of intrarenal reflux and 
P-fimbriated bacteria might have a synergistic effect in causing kidney 
damage in experimental VUR with infected urine 州. 
Interpretation of data from clinical studies are often hampered 
because of a lack of standardization in the assessment of the severity of 
reflux as well as poor documentation of the time relationship between the 
occurrence of urinary tract infections and the appearance of renal scarring. 
In general, it is recognized that more severe grades of reflux are associated 
with a higher incidence of developing new or progressive renal scarring in 
association with urinary infections [73�. Lenaghan (1976) followed the 
natural history of VUR in children managed conservatively with only 
intermittent short courses of antibiotics and concluded that renal damage 
might occur even after a single episode of infection and was more likely to 
appear in kidneys that were already abnormal 岡. 
Follow-up studies indicate that a strong causal relationship between 
VUR and urinary infections probably does not exist. Smellie (1975) has 
demonstrated that the occurrence of urinary tract infection did not 
adversely affect the chance of spontaneous reflux resolution [78, loo]. 
Conversely, it has also been shown that disappearance of reflux, either 
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spontaneously or following surgery, does not decrease the incidence of 
subsequent urinary infection�22,78,101] 
2.2.2 Intrarenal reflux and "Big Bang" theory 
Retrograde passage of radiological contrast medium from the 
pelvicalyceal system into the collecting tubules of the kidney can sometimes 
be observed during cystography. This phenomenon, or intrarenal reflux, 
was first noted by Hodson et al (1975) who aptly related the condition to 
the segmental renal scarring in reflux nephropathy [102�.The occurrence of 
intrarenal reflux (IRR) allows ingress of infected urine into the renal 
parenchyma where damage to the nephron can occur. Intrarenal reflux does 
not occur at every papilla. It is seen mainly in the polar regions of the 
kidney where pyelonephritic scarring is most commonly seen, and much 
less frequently seen in the mid-zone. In their classic experimental studies 
using the pig model Ransley and Risdon (1975) demonstrated that this 
segmental distribution was due to difference in papillary morphology 
107]. These authors showed that intrarenal reflux only occurred where the 
papillae fused together and lost their conical form to become large 
compound papillae presenting a flat or concave surface to the calyx. These 
compound papillae permissive to intrarenal reflux were found 
predominantly in the polar region [103, 22]. Conversely, papillae in the mid-
zone were mainly simple, cone-shaped with slit-like papillary ducts that 
tended to close with increased intrarenal pressure. These observations have 
been confirmed by other workers [io4]. Further postmortem studies have 
shown that the renal papillary morphology of both pig and human were 
similar. However, only two thirds of human kidneys have compound 
refluxing papillae, and the remaining one third have only simple, non-
refluxing papillae [io5]. This may at least in part explain why scarring is not 
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an inevitable consequence of reflux and urinary infection. Susceptibility of 
an individual kidney to intrarenal reflux and hence scarring is therefore 
predetermined by embryological renal papillary fusion. 
Subsequent experimental studies by Ransley and Risdon using the 
pig model have further demonstrated that given the right combination of 
infection with pathogenic bacteria, bladder dysfunction and intrarenal 
reflux extensive renal scarring could occur very rapidly in a matter of a few 
days, viz., the "Big Bang". The degree of permanent scarring, however, 
could be considerably reduced by very early institution of antimicrobial 
therapy and successful eradication of infection [22,88,95]. Once the process of 
scarring has involved all the areas drained by compound papillae and 
therefore susceptible to intrarenal reflux, further damage in the remaining 
areas drained by simple, non-refluxing papillae would not occur despite 
new infective episodes. Although this hypothesis was based mainly on the 
findings from the pig studies, it supports the clinical observations of 
Smellie et al (1975) that refluxing kidneys with scars did not change 
significantly on long term follow-up and further new scarring was an 
extremely rare event [54� The theory, however, was based on the 
assumption that reflux-associated renal scarring was an acquired 
phenomenon rather than a congenital lesion. 
4 6 -一 
2.2.3 VUR with sterile urine 
The role of sterile reflux in the pathogenesis of reflux nephropathy 
has remained a matter of controversy. Theoretically, the pathophysiological 
effect of VUR per se, in the absence of bacterial infection, can be related to 
the abnormal fluid dynamics, or "water hammer" pressure effect to the 
kidney [io6�. In the presence of VUR, bladder pressures are transmitted 
freely into the ureter and the pelvicalyceal system. Hodson et al in his early 
experiments in the pig model with bladder outflow obstruction concluded 
convincingly that intrarenal reflux of sterile urine could produce renal 
scarring in exactly those areas where IRR had been demonstrated 
previously on radiological studies 剛.H o w e v e r , Ransley and co-workers 
later documented that such scarring was found only in association with 
“ extreme urodynamic conditions which were rarely encountered in the 
clinical setting 剛 . B y using a primate model, similar conclusions were 
made by Mendoza and Roberts (1983) who found that renal scarring was 
found with sterile reflux only when the intravesical pressure was 
sufficiently elevated to impair renal excretion�io8]. Jorgensen et al (1984) in 
a further pig model confirmed that in the absence of infection scarring 
occurred only when bladder outflow obstruction caused an abnormal 
dilatation of the upper urinary tract [io9]. 
The pathogenetic mechanism involved in the formation of renal 
scarring with sterile reflux under extreme urodynamic conditions is still 
unclear. Cotran and Hodson (1979) have conjectured that tubular rupture 
and extravasation of tubular glycoprotein (Tamm Horsfall protein) could be 
the underlying causative factor [no�. Such a postulation has not however 
been supported by histological examinations of areas of renal scarring 
associated with sterile reflux. Other investigators have subsequently found 
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that relatively high intra-pelvic pressures of over 35 cm H2O were 
necessary to produce intrarenal reflux and even under pressures 
significantly higher than these scarring was not usually encountered [80,102' 
111]. 
In the clinical context few studies have produced convincing 
evidence that sterile reflux was associated with renal scarring. Heale (1979) 
in a retrospective study noted that gross sterile VUR in 34 boys followed for 
at least 10 years did not produce any focal scarring but was associated with 
progressive deterioration of renal function in three boys who had severe 
reflux nephropathy at presentation. Development of new scarring was 
always associated with urinary infections. [114] 
With the recent data generated from studies of refluxing infants 
diagnosed as a result of antenatal screening, it is clear that in-utero renal 
maldevelopment may also contribute to the pathogenesis of reflux 
nephropathy [6i' 62, m � . B e c k (1971) in his classic experiment using fetal 
lambs suggested that renal maldevelopment might occur as a result of intra-
uterine urinary obstruction, depending on the stages of embryogenesis [叫. 
It is possible therefore that VUR in-utero, acting in an obstructive mode, 
may predispose to similar dysplastic renal malformation However 
many new questions are also unveiled and remain unanswered from this 
group of infants with primary VUR detected because of antenatal 
ultrasound screening. In particular, the marked male preponderance in 
these refluxing infants documented uniformly in all previous studies, in 
contrast to the well recognized female preponderance in older children with 
symptomatic reflux, is still unexplained. 
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2.3 Effect of VUR on renal growth and function 
Despite the large number of experimental and clinical studies that 
have been performed on this topic, there is surprisingly still a lack of direct 
evidence on the adverse effects of VUR per se on renal growth and function. 
Walker et al (1973) reported that the urinary concentrating ability of 
children with VUR was significantly reduced in comparison with controls. 
The pathogenetic mechanism with which VUR affects concentrating ability 
is unknown but may possibly include a direct pressure effect of refluxed 
urine from the bladder transmitted onto tubular cells through intrarenal 
reflux [127, 128]. 
Other workers have focused on the effect of VUR on renal blood 
‘ flow. Gottschalk (1952) showed in both rabbits and dogs that renal 
interstitial pressures increased with applied intra-pelvic pressure [i29]. 
Thomsen et al in a study with pigs found that renal blood flow was 
decreased when the kidneys were exposed to retrograde perfusion with 
graded pressures [ m � . H i x (1958) reported that in patients with reflux a 
decrease in renal blood flow and GFR could be produced by stimulation of 
the ureter using a catheter [i3o]. This finding suggests that a reflex 
mechanism may operate between the ureter and renal vasculature but its 
significance is still unclear. 
The results from these studies on renal blood flow have been 
supported by a recent clinical study of 20 children with unilateral VUR. A 
significant reduction of renal blood flow was demonstrated in association 
with reflux, despite an apparent lack of renal scarring Whether this 
diminution in renal blood flow in refluxing kidney has any long-term effect 
in the production of scarring is however not yet proven. 
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Although numerous other clinical studies have been published on 
the influence of VUR on renal growth, the majority reflected in fact a 
combined effect of reflux and urinary infections with or without underlying 
bladder dysfunction on the kidney. Few data are available on the effects of 
reflux per se on renal function. Fritjoffsen and Sundin (1966) followed nine 
adults with newly acquired iatrogenic VUR and found that in the six 
patients without urinary infections, individual kidney function remained 
unimpaired for up to 11 years [叫. Verrier Jones et al (1989), in a 
prospective study of 48 schoolgirls investigated for covert bacteriuria, 
found that individual kidney glomerular filtration rate (GFR) was not 
influenced by reflux alone and remained stable over a 4-year study period 
则.S m e l l i e et al (1981) in a prospective study of 111 refluxing kidneys 
followed for up to 22 years showed that renal growth was impaired only in 
those patients with documented urinary infection and higher grades of 
reflux on first diagnosis 
Asperia et al (1976) measured individual kidney GFR in children 
with VUR and recurrent urinary infections and found that low grade reflux 
did not significantly impair GFR in any age group. In kidneys with gross 
reflux, however, GFR was reduced in all ages although it was significant 
only in older children. The authors concluded that high grade VUR was 
associated with a gradual deterioration of renal function which might 
accelerate after 6 years of age irrespective of vigorous medical therapy for 
urinary infections [us, 
The results from these studies suggest that VUR per se most probably 
does not adversely affect renal growth and function. Progressive renal 
damage is however likely in those children with high grade reflux who also 
suffer from recurrent urinary tract infections. Unfortunately, extremely 
5 0 -一 
little clinical data is available on the possible adverse effects of underlying 
bladder dysfunction on growth and function of refluxing kidneys. 
The assumption that VUR may be detrimental to renal growth have 
been triggered by various reports of an improvement of renal growth 
following successful antireflux surgery�120 -124� . i t is important to note that 
in all these studies renal growth was derived mainly from the radiological 
measurements of renal length with respect to age. All the studies included 
however infants in whom renal growth and hence length normally increases 
more with age than in older children. Furthermore, all of these studies 
have failed to show any significant differences in renal length between 
refluxing and non-refluxing kidneys preoperatively [123, 124]. The reported 
improvement in renal growth after antireflux surgery is therefore most 
probably an over-interpretation of the normal growth curves of infantile 
kidneys irrespective of VUR. Subsequent studies where renal length was 
corrected for body size and patients were stratified for age indeed failed to 
show accelerated growth after antireflux operations [125,126]. 
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CHAPTER THREE 
MANAGEMENT OF V E S I C O U R E T E R I C REFLUX 
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3.1 Introduction 
Few topics in modern medicine have elicited so much controversy as 
in the management of primary VUR, and have remained so for such a long 
period of time. Despite over two decades of extensive experimental and 
clinical research, there is as yet no unified view on the therapy of choice. In 
many instances it is still the individual clinician's subjective preference, 
based on limited personal experience and often on bias instead of scientific 
evidence, that dictates the management approach. In general, however, the 
era of routine antireflux surgery for all patients with VUR has passed and 
has been superseded by a more conservative approach based on the 
documented efficacy and safety of long-term chemoprophylaxis therapy. 
Surgery is now employed on a much more selective basis and is 
supplemented by the recent advent of endoscopic antireflux procedures. 
Nevertheless, substantial confusion still exist in the choice of treatment 
especially in individual cases. 
In the early 1950's, reflux was generally regarded as secondary to an 
obstruction at the level of the bladder outlet. Apparent narrowing of the 
bladder neck relative to the proximal urethra, and the common occurrence 
of incomplete bladder emptying during micturating cystourethrograms, 
were interpreted as indicative of outflow obstruction at the level of the 
bladder neck. This belief has led to the widespread practice of the use of 
bladder neck V-Y plasty or urethrotomy to relieve probably nonexistent 
obstruction in the management of reflux during the 1950's and early 1960's 
[ 1 5 � . I t was not until Politano and Leadbetter (1958) pioneered their 
innovative technique on ureteric reimplantation that the modern concept of 
antireflux operation became more standardized 
5 3 -一 
i 
3.2 Medical management 
The keystone for medical or expectant treatment of primary VUR is 
on the observation that there is a natural tendency for reflux to improve or 
even resolve spontaneously with time and that antibiotic chemoprophylaxis 
will protect the kidneys from damage with intercurrent urinary tract 
infections [78, 9 2 � . T h e adoption of such an approach assumes however a 
benign natural course of sterile reflux and does not take into account the 
potential harmful urodynamic effect of any possible underlying bladder 
dysfunction. Edwards et al (1977) reported on the long-term follow-up of 
75 children with VUR who were managed conservatively with continuous 
low-dose antibiotic prophylaxis. Reflux disappeared spontaneously in 79% 
of refluxing units. The initial severity of reflux was found to be the most 
important factor affecting the outcome: VUR resolved in 85% of refluxing 
ureters with normal calibre as compared to only 41% of dilated ureters. 
Gross reflux associated with existing renal scarring was least likely to 
disappear [78]. Reflux resolution could occur at any age throughout 
childhood. The occurrence of breakthrough urinary infections did not 
affect the likelihood of spontaneous reflux resolution. Furthermore, renal 
growth was found to be normal in over 90% of refluxing kidneys and the 
appearance of new scars was extremely rare [78' 93]. 
While most would agree that the initial severity of reflux was the 
single most important factor in predicting the outcome, some workers 
emphasized on the significance of the ureteric orifice configuration and the 
length of the submucosal tunnel. In a study of refluxing children followed 
for 4 to 10 years. King reported that no cases of spontaneous resolution 
occurred if the ureteric orifice was golf-hole in appearance [35]. 
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Results from the Birmingham Reflux Study Group (1987) indicated 
however a less optimistic prospect with non-operative treatment. Over 50% 
of the patients treated conservatively had persistent severe reflux at five 
years' follow-up. Bilateral VUR tended to persist more than unilateral 
cases. Progressive renal scarring occurred at all ages but was significantly 
more common during the first two years' observation. In particular, 
development of new scars occurred only during the first two years' follow-
up period�i32' 
• '4' 
More recent studies from the International Reflux Study Committee 
(1992) reported similar figures of spontaneous cessation of VUR with non-
operative treatment. Of 194 children with severe VUR detected for the first 
time at entry reflux resolved in only 55 (28%). Resolution of reflux was 
observed significantly more often in children with unilateral (54%) than 
with bilateral (12%) reflux. About 35% of children had recurrent urinary 
tract infections during the 5-year follow-up period. Interestingly, these 
occurred irrespective of the change of reflux severity or even resolution 
Besides being non-operative, the other advantage of medical 
treatment is that prophylactic chemotherapy may be maintained quite 
safely for many years without too much untoward side effects. 
Trimethoprim and nitrofurantoin are the commonly used 
chemoprophylactic agents which can usually be given on an outpatient 
basis as a single dose at night. There is no consensus among paediatric 
nephrologists and urologists as to how long one should maintain the 
prophylactic therapy. As it is expected that with sufficient time a high 
proportion of refluxing units will resolve spontaneously, most agree to 
continue treatment for a period of a few years before the decision to stop 
should be made. A trial period of 6 to 12 months without antibiotic therapy 
5 5 -一 
can then be allowed prior to another set of follow-up imaging studies to 
assess the clinical behaviour while off prophylaxis. If the cystogram 
continues to show high grade reflux a decision as to whether surgery 
should be offered can be made at that time [22]. 
Such a conservative protocol allows sufficient time for spontaneous 
remission of reflux in the majority of patients. However, a small proportion 
of patients will be expected to have reflux persisting into their adulthood. 
While some are expected to continue to resolve it is inevitable that a few 
may continue to have reflux with its potential associated sequelae during 
reproductive life. In particular, VUR during pregnancy may pose a special 
problem. 
3.3 Antireflux surgery 
The era of routine operative approach to stop VUR in all cases has 
long passed and antireflux surgery is now usually employed on a much 
more selective basis. Surgery should be considered at any stage with 
failure of conservative treatment due to either breakthrough urinary 
infections or progressive renal scarring. Poor patient compliance with drug 
treatment may be another indication although with a dedicated medical 
team such cases should not be frequently encountered. Successful surgical 
correction of VUR ameliorates the risk of pyelonephritis and progressive 
renal scarring. Surprisingly, the incidence of urinary infections especially 
cystitis was not reduced by successful surgery 
The mainstay of surgical treatment is various antireflux procedures 
either by ureteric reimplantation or, more recently, by subureteric injection 
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of Teflon or other biologically inert substance. However, in the very early 
stages of management especially in the neonatal period other procedures 
may be required. For instance, in a young infant with reflux associated 
with megacystis or marked detrusor instability a temporary vesicostomy 
may be beneficial to provide good bladder drainage and to allow proper 
control of urinary infection before ureteric reimplantation is contemplated. 
Occasionally a high diversion ureterostomy may be necessary [22]. 
3.3.1 Ureteric reimplantation 
Ureteric reimplantation for the correction of VUR is a highly 
successful procedure with few complications. Although many different 
surgical techniques have been advocated, the essence of all the various 
procedures involve the development of an adequate length of submucosal 
neoureter, thus allowing the normal antireflux valvular mechanism at the 
ureterovesical junction to operate. 
The surgical technique most commonly employed by paediatric 
urologists is the Cohen's cross-trigonal ureteric advancement procedure in 
which the ureters are mobilized intravesically until sufficient length has 
been obtained. Submucosal tunnels are then created across the trigone so 
that the reimplanted ureter opens on the opposite side from its hiatus. This 
technique has an advantage over the more traditional Leadbetter-Politano 
procedure which has an intrinsic risk of producing ureteric obstruction with 
a full bladder due to the higher entry point of the new ureteric hiatus. 
Because of the abnormal positioning of the new ureteric orifices, however, 
problems may arise if subsequent retrograde ureteric catheterization 
becomes necessary after a Cohen's type of ureteric reimplantation. 
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Whichever surgical technique is used the operative success is very 
high with correction of reflux in over 95% of cases. The unexplained 
question is that even after successful antireflux operation the overall 
incidence of urinary infection is not lessened [i34,135]. 
3.3.2 Endoscopic procedure 
Endoscopic injection technique was first employed in urological 
cases in the treatment of urinary incontinence. Matouchek (1981) reported 
the first subureteric injection of Polytef paste for the treatment of VUR [i36]. 
However, it was Puri and O'Donnell (1984) who popularized the technique 
in the management of reflux after they have verified its efficacy in a pig 
model [137, 138, 139�.Numerous reports have since been published on the use 
of subureteric injection of polytetrafluoroethylene (PTFE) and glycerine 
paste (Polytef) in the management of all grades of reflux. The technique has 
been used in cases with both primary and secondary VUR, with variable 
results [140-143]. Success rates ranging between 65% to 97% after completed 
treatment of up to three injections have been reported in the treatment of 
primary VUR [i38, i4o-142, i44-i46�. Accurate analysis and interpretation of the 
results is however rendered difficult by an inclusion of refluxing units with 
milder grades than is usually treated by open surgery in many series. As 
much as 52% of the refluxing ureters treated endoscopically had only 
grades I or II VUR Ii44,145] 
The major consideration in the use of Polytef paste injection is the 
risk of PTFE migration and the development of malignancy. PTFE particle 
migration have been demonstrated in animal models as well as in clinical 
practice although the actual significance of this phenomenon has not been 
confirmed [i47, i48� . ini t ial experience with subcutaneous polymer implants 
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in animals suggested a possible risk for malignancy but subsequent studies 
indicated that mechanical factors rather than the polymer itself were the 
triggering factor for malignant transformation. Furthermore, long-term 
follow-up of patients with Polytef injection to the vocal cords for up to 15 
years have not demonstrated any development of malignancy [i49�. 
Concerns about the risk of particle migration and malignancy has 
led to the development of other injectable materials. Glutaraldehyde cross-
linked bovine collagen as well as Bioplastique, a silicone injectable material 
with larger particle size than Polytef, have been used, but none have yet 
been proven to be significantly superior than the latter [i5o' i5i]. Further 
research is therefore required to determine the place of endoscopic 
procedure in the overall management of VUR, and also to find a better 
injectable material. 
3.4 Medical versus surgical treatment: Continuing dilemma 
It is astonishing that the question as to whether primary VUR, at 
least of a high grade, should be managed medically or surgically has 
remained unanswered despite extensive clinical and experimental research 
over the two decades. Either modality of treatment clearly has its own 
advocates. Surgical treatment with various techniques is associated with a 
very high success rate of immediate correction of reflux with relatively few 
complications, and greatly reduces the risk of pyelonephritis. However, the 
natural tendency for most refluxing ureters is that of gradual improvement 
and spontaneous resolution with time. With the premises that medical 
treatment using long-term low dose chemoprophylaxis is safe and that the 
development of new scars under such a regime is an extremely uncommon 
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event, it is understandable that the pendulum has gradually swung from an 
aggressive surgical approach in the 1960's towards a more conservative 
approach in the 1970's and 1980's. Under these circumstances, it is clear 
that prospective randomized trials of medical versus surgical management 
is necessary to determine which therapy is more advantageous than the 
other and therefore preferable. 
The Birmingham Reflux Study Group (1987) analyzed 104 children 
with severe VUR followed up for over five years and found no significant 
differences between the surgical and medical treatment groups with respect 
to the incidence of breakthrough urinary infection, renal excretory function 
and concentrating ability, renal growth, progression of existing renal scars 
or new scar formation. It was therefore concluded that neither medical nor 
surgical treatment could claim superiority or fully protect the kidneys from 
further damage 剛 . 
Because of the continuing controversies regarding the importance of 
VUR versus infection as a cause of reflux nephropathy, and the yet 
unsettled choice between medical and surgical therapy in the management 
of reflux, the International Reflux Study Committee (IRSC) was initiated in 
1980, formed by paediatric urologists and nephrologists from both United 
States and Europe. In 1991, the 5-year follow-up of the 532 children with 
severe VUR recruited from both Europe and United States was completed. 
The results were reported in the last International Workshop on Reflux and 
Pyelonephritis held in Louisiana, New Orleans. A total of 306 children with 
severe VUR and a history of documented urinary infection was randomized 
into medical (155 patients) or surgical (151 patients) treatment arms in the 
European branch of IRSC. Urinary tract infections developed with equal 
frequency in both medical and surgical treatment groups (38% and 39% 
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respectively) although the incidence of pyelonephritis was significantly 
higher in the medical group (21%) than in the surgical group (10%)岡 . 
Furthermore, the appearance of new renal scars and progression of 
established scars occurred in equal frequency in both treatment groups. 
The renal morphology, rather than the treatment modality, appeared to be a 
significant factor in the prediction of new scars: more new scars appeared 
in those with parenchymal thinning at entry (23%) than in those with 
focally scarred or normal kidneys at entry (10% each). In addition, the 
younger the patients at entry, the higher was the frequency of new scars 
[153]. Of 194 children with VUR detected for the first time at entry reflux 
resolved spontaneously in 55 (28%). Of note, the frequency with which 
urinary tract infection recurred was similar irrespective of whether reflux 
resolved, diminished or remained unchanged. It is therefore obvious that 
some other underlying pathogenic factors besides VUR is responsible for 
the predisposition of urinary infections 
Surgical results from the European branch of the International Reflux 
Study were similar to those previously reported. Reflux disappeared in 98% 
of reimplanted ureters at the end of 5 years. The incidence of 
pyelonephritis during the follow-up period was significantly less in the 
surgical group although the overall incidence of urinary infections was 
similar with either treatment modalities. Of note, in 10 of the 231 
reimplanted ureters obstruction developed postoperatively of which 7 
required reoperation 网 . 
Results of the IRSC randomized trial from the United States branch 
were very similar. There was no distinct advantage of either treatment 
modality over the other. Pyelonephritis occurred in significantly more 
patients in the medical arm although new renal scars developed at equal 
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frequency with either treatment modalities. The disappearance rate of 
grade IV reflux was approximately 8% per year and 75% of the medical 
patients still had VUR after 3 years of observation [i55�. 
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CHAPTER FOUR 
A N T E N A T A L D I A G N O S I S OF 
FETAL U R O P A T H I E S : 
IMPACT ON P A T H O G E N E S I S OF VUR 
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4.1 Primary VUR detected following antenatal diagnosis of fetal 
hydronephrosis 
The rapid development of antenatal ultrasound screening of the fetus 
over the last two decades has resulted in the detection of many fetal 
abnormalities. In particular, anomalies of the urinary tract are most 
commonly recognized since hydronephrotic or cystic kidneys are easily 
detected on ultrasonography. The incidence of fetal uropathies detected, 
mostly in the form of dilated urinary tracts, has been reported to vary 
between 0.1% to 0.76%[i57, iss, 161-167�. The reliability of antenatal ultrasound 
diagnosis depends on the experience of the ultrasonographer, but in large 
centres with well-trained personnel the reported accuracy is high, ranging 
from 70% to 95%�168-171]• Postnatal investigations in these infants identified 
by antenatal screening demonstrated a variety of significant urinary tract 
abnormalities, thus allowing early diagnosis and appropriate treatment 
before the potential devastating effects of urinary tract infection occur. The 
most common fetal urinary tract abnormality detected is hydronephrosis, 
which may represent an obstructive uropathy, e.g. pelviureteric junction 
obstruction, ureterovesical junction obstruction, ureterocele, posterior 
urethral valves, etc.; or less commonly, vesicoureteric reflux [i63-i67]. Other 
urinary tract anomalies detectable by fetal ultrasonography include cystic 
dysplastic or polycystic kidneys, duplex systems with or without ectopic 
ureteroceles, renal agenesis and occasionally even renal tumours. 
As the diagnosis of VUR depends on the positive demonstration of 
its presence by a micturating cystourethrogram (MCU), reflux can only be 
confirmed postnatally. It is generally agreed that a MCU should be 
routinely performed for all infants with significant prenatal or postnatal 
urinary tract dilatation. For cases where the initial postnatal ultrasound 
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examination is normal, however, there has been some controversy as to 
whether further investigation is required. In a recent series reported by 
Najmaldin et al (1990), 14 out of 46 (30%) refluxing units were not 
associated with any evidence of upper tract dilatation on initial postnatal 
ultrasound scan [65� . I t has therefore been recommended by some workers 
that a MCU should be performed in all infants with a history of significant 
prenatal hydronephrosis to exclude the presence of VUR irrespective of the 
result of the initial postnatal ultrasound examination. 
The majority of the group of refluxing infants recognized in-utero are 
healthy and asymptomatic. Most of them are started on antibiotic 
prophylaxis immediately after birth because of some degree of urinary tract 
dilatation. This provides a rare opportunity for the evaluation of the natural 
clinical course of VUR and reflux nephropathy in early postnatal life prior 
to the onset of urinary infection. Findings from recent studies are 
fascinating. Unlike the usual observation in the group of older children 
with symptomatic VUR where female predominates, the vast majority of 
infants with prenatally diagnosed reflux are males. Various series have 
uniformly reported a male preponderance with a male : female ratio that 
ranged from 2:1 to 13:1 [59-64,172,173 . All grades of VUR were detected but 
gross reflux with dilated ureters and pelvicalyceal systems predominated. 
Most series reported that over 50% of the refluxing units were grades IV 
and V. Furthermore, approximately two-thirds of the patients have 
bilateral reflux 丨59-65,172-175�. 
Another important finding from the studies of infants with 
prenatally diagnosed VUR is that evidence of reflux nephropathy as 
exemplified by either reduced renal function or scarring is present in a 
significant proportion of the refluxing kidneys at the initial evaluation. In 
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most cases this was documented by technetium-99m DMSA scans before 
any urinary tract infection has occurred. In the series reported by Anderson 
and Rickwood (1991) 60% of all refluxing renal units had various degree of 
impaired function on initial examination. Of the grades IV and V refluxing 
kidneys, over 75% were renographically abnormal [59]. Najmaldin et al 
(1990) demonstrated a reduction in function in 9 of 14 refluxing infants 
(64%) with a mean age of 4 weeks [62]. Sheridan et al (1991) demonstrated 
functional impairment in 32% of refluxing renal units which had not been 
exposed to urinary infection as compared to 71 % in those studied following 
an infective episode [173�.Burge t al (1992) studied 21 infection-free infants -• • 
with prenatally diagnosed VUR using technetium-99m DMSA scan and 
demonstrated both global and focal parenchymal changes in 33% of 
refluxing kidneys [i76�. These data support the hypothesis that sterile VUR 
in-utero may contribute to the pathogenesis of reflux nephropathy. 
In contrast to the group of older children with symptomatic reflux, 
conservative management in infants with prenatally diagnosed VUR 
resulted in an unexpected high rate of spontaneous resolution. In the series 
of 39 infants with grade III or higher reflux (30 males, 9 females; 64 
refluxing renal units) reported by Burger et al (1992) reflux ceased in 61% of 
cases, improved in 14% and remained unchanged in 23%. In only one 
refluxing unit did the grade of VUR worsen�i76]. Other workers have also 
reported a high spontaneous resolution rate of 32% to 40% even for severe 
grade reflux [6i' 63, m � . 
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4.2 Impact on traditional concepts of VUR and reflux nephropathy 
Many of the findings from this new population of refluxing infants 
identified by antenatal ultrasound screening are intriguing and 
contradictory to the established concepts of VUR and reflux nephropathy. 
To summarize, the following statements can be made: 
1) There is a uniform male preponderance in all reported series, ranging 
from 2:1 to 13:1, which is in remarkable contrast to the female 
preponderance that has been uniformly reported in later childhood. 
2) Prenatally diagnosed VUR tends to be of high grade and bilateral 
involvement predominates. 
3) Despite the severe grades of reflux, there is a very high rate of 
spontaneous resolution from 30% to 60% by the age of two years. 
4) A significant proportion of prenatally diagnosed refluxing renal 
units, varying from 20% to 60% in different series, that have not been 
exposed to urinary infection have impaired function on DMSA 
scintigraphy. Many of these abnormal refluxing kidneys are small 
and contracted with a global decrease in isotope uptake, which is 
atypical of the focal defects that are characteristic of reflux 
nephropathy in later childhood. 
The marked difference in sex distribution between the group of 
infants with prenatally diagnosed reflux and the group of older children 
with symptomatic reflux is as yet unexplained. It is reasonable to postulate 
from the present findings that primary VUR is a heterogeneous condition 
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and at least comprises two patient populations, viz. (i) an asymptomatic 
infantile group consisting mainly of males with high grade reflux which is 
often associated with renal maldevelopment; and (ii) a symptomatic group 
of older children consisting mainly of females who usually present after the 
age of two. Reflux in the infantile group, even with high grades, tend to 
resolve spontaneously in the first one to two years. In the symptomatic 
group of older children, there is often associated dysfunctional voiding 
possibly related to faulty toilet training, urinary tract infections and 
pyelonephritic renal scarring, i.e. reflux nephropathy in its traditional 
sense. However such a postulation directly contradicts the traditional 
concept that primary VUR is a unique condition due to a congenital 
maldevelopment of the ureterovesical junction whereas reflux nephropathy 
is an acquired phenomenon due to a combined effect of VUR and infection. 
The traditional theory on the pathogenesis of VUR also fails to 
explain the preponderance of high grade reflux and bilateral involvement in 
these refluxing infants. In addition, it cannot account for the very high rate 
of spontaneous resolution irrespective of the severity of reflux. One would 
imagine that if the reflux has arisen as a result of a congenital 
maldevelopment of the ureterovesical junction then it should persist for a 
longer period of time. It is therefore astonishing to find a significant 
proportion of high grade reflux to have resolved spontaneously in the first 
j 
two years of life in many of these prenatally recognized infants. 
The striking male dominance with a tendency for severe bilateral 
reflux often associated with renal maldevelopment, and the high rate of 
spontaneous resolution of reflux during early postnatal life as observed 
from the antenatal studies have led this author to postulate that a period of 
transient in-utero bladder outflow obstruction may have occurred during 
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the complex events in the embryological development of the male lower 
urinary tract which leads to reflux and renal maldevelopment. This will 
account for the marked sex difference, the renal malformations, or 
dysplasia, occurring in-utero as well as the early spontaneous cessation of 
reflux postnatally. This hypothesis forms one of the main theme of this 
present work. (Chapter 6) 
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CHAPTER FIVE 
C Y S T O M E T R I C CONCEPT OF VUR 
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5.1 Introduction 
Since VUR represents a retrograde propulsion of urine from the 
bladder to the upper urinary tract, it follows that the magnitude of reflux 
and its hydrodynamic effect on the kidneys will depend considerably on the 
intravesical pressure apart from the degree of incompetence of the 
ureterovesical junction and the calibre of the ureter. It is surprising 
therefore that relatively little attention have been directed to the 
significance of bladder function in the diagnostic workup and overall 
management of primary VUR in children. Most reported studies available 
in the medical literature, including large multicentre trials conducted by the 
International Reflux Study Committee (IRSC) and the Birmingham Reflux 
Study Group, have not included urodynamic assessment in the management 
protocol. In fact, it has generally been assumed that the bladder function in 
children with primary VUR, as different from those with secondary reflux, 
is normal. Despite the appearance of sporadic reports on the association of 
detrusor instability, sphincter dyssynergia and dysfunctional voiding with 
VUR in the literature, in general relatively little is known about the 
prevalence of underlying bladder dysfunction and its possible effects on the 
natural course and clinical outcome of primary VUR in children [i77-i88]. 
Furthermore, there is a total lack of data on the relationship of VUR and 
bladder function during infancy. 
In the early 1960's, there was a surge of interest from a few workers 
on the relationship between the intravesical pressure at which reflux 
occurred and the clinical outcome [i89-i92]. Melick and Brodeur (1962) in 
their early studies of refluxing children using cinefluoroscopy and 
simultaneous intravesical pressure recordings by a strain gauge suggested 
that VUR could be classified according to the time when reflux occurred 
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during the filling and voiding cycle, the bladder volume and the pressure at 
which it appeared _ . These authors reported that reflux occurring only 
during voiding and at high pressures was associated with little or no renal 
damage, and a good prognosis. Conversely, reflux that occurred early in 
the filling phase at a small bladder volume were usually associated with 
renal damage, and often required urinary diversion. Similarly Lattimer et al 
(1963) proposed to classify patients with VUR into 3 groups: (i) those with 
high pressure reflux; (ii) those who had reflux at low pressures but high 
volumes; and (iii) those who had reflux at low pressures and low volumes 
[192]. These workers suggested that most patients with VUR had various 
degree of bladder outlet obstruction. Reflux at high pressures represented 
an earlier stage of the pathologic process and hence a better prognosis. 
Conversely, reflux at low pressures, especially at low volumes, represented 
a more advanced stage and was associated with more renal damage and a 
worse prognosis. Because of the suspicion of bladder outlet obstruction, it 
was proposed that refluxing patients should be managed initially by 
urethral dilatation coupled with frequent voiding, and if this was not 
successful then one should proceed to various bladder neck widening 
operations, e.g. V-Y plasty and finally antireflux procedures. 
While these early studies set an important initial step in the 
understanding of the hydrodynamic factors of VUR in relationship to its 
pathophysiology and treatment options, the possible significance of the 
hypothesis were quickly outweighed by the poor results that came as a 
sequelae of the recommended bladder neck dilatation or V-Y plasty 
procedures. The cystometric concept of classification was subsequently 
superseded by the congenital ureteric bud theory and VUR has largely been 
regarded and managed by most workers as a unique congenital disorder 
over the last two decades. 
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5.2 Bladder dysfunctions associated with VUR 
Hutch noted as early as in 1952 that there was a high incidence of 
VUR in paraplegic patients which was associated with progressive renal 
damage [i93]. Without the knowledge of the urodynamic changes in these 
patients he ascribed the phenomenon to be due to an anatomic distortion of 
the ureterovesical junction, which was caused by the bladder trabeculation 
and sacculation as seen on the voiding cystogram. Hinman, in 1973, first 
described the occurrence of significant vesical damage and ureteral reflux 
as a result of voiding dysfunction in boys without neurologic deficit or 
obstructive uropathy. He postulated that this was basically a functional 
disorder caused by a discoordination of detrusor contraction and sphincter 
relaxation [i94]. This was supported by Allen who reported a close 
correlation between urinary tract infections, vesicoureteric reflux, 
incomplete bladder emptying and renal damage with dysfunctional voiding 
problems. The condition was subsequently labelled as non-neurogenic 
neurogenic bladder [44,195, i96]. 
! 
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The association between various types of bladder dysfunction and 
VUR has since been described by a few other workers [45' 177, i78,182-188]. Koff 
et al (1979) first described the association of urinary tract infection and VUR 
with detrusor instability and bladder-sphincter incoordination in 53 
neurologically normal children These authors hypothesized that an 
increase in intravesical pressure caused by voluntary sphincter constriction 
and unstable bladder contractions could result in urinary infection and 
could produce a spectrum of intravesical anatomic distortion that 
predisposed to VUR. In a subsequent study Koff and Murtagh (1983) 
demonstrated that successful treatment of uninhibited bladder contractions 
in refluxing children was associated with a four-fold reduction in the 
7 3 '一 
incidence of recurrent urinary infection and a three-fold increase in the rate 
of reflux resolution compared to controls. In patients with successfully 
treated bladder instability improvement and resolution of reflux were 
independent of the initial severity of reflux. These findings therefore 
strongly suggested that uninhibited bladder contractions with voluntary 
sphincter contraction contributed significantly to the perpetuation and 
possibly even the initiation of VUR. Furthermore, cystoscopic examination 
in these refluxing children failed to demonstrate a normalization of the 
configuration of the ureteral orifices after successful treatment and 
resolution of reflux, thus casting doubt on the traditional view that 
anatomic factors, i.e., an abnormal or incompetent ureterovesical junction, 
are the only cause for primary VUR in children [45, i85]. 
Similar findings on the relationship between bladder instability and 
VUR was obtained by Homsy et al (1985), who reported that successful 
treatment of detrusor hyperreflexia with oxybutynin was associated with a 
high incidence of reflux resolution [182�.Nielsen et al (1984) studied 41 
patients with primary VUR, the majority of whom were adults (median age 
20 years), and reported that only 4 patients (10%) had normal urodynamic 
findings. The rest had various types of bladder dysfunction including 
hyperreflexia, outflow obstruction, incomplete emptying and sphincter 
dyssynergia. Pressure flow studies and cystometry in these patients 
revealed evidence of infravesical obstruction in 11 patients (27%) and these 
was associated with a severe degree of reflux and renal scarring [i78]. 
Results from these studies therefore indicate that there was a high incidence 
of bladder dysfunction in refluxing patients. Furthermore, it appears that 
abnormal bladder function probably has a more important role in the 
pathologic mechanisms of VUR, urinary infections and renal scarring than 
has been appreciated in the past. Knowledge of this association has 
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provided us with an alternative option for management of VUR as 
successful treatment of these functional disorders can contribute 
significantly to a favourable outcome of reflux. 
5.3 Need for a cystometric classification of VUR 
Vesicoureteric reflux, or retrograde flow from the bladder to the 
upper tract, is by definition a urodynamic abnormality which depends on 
the bladder pressure and any structural or functional abnormalities of the 
ureterovesical junction. However, the current universal practice of using 
cystography as a standard investigatory tool for VUR has disregarded this 
basic principle: static x-ray pictures instead of dynamic functional 
parameters are used for diagnosis, grading and planning of management. 
Furthermore, cystography has an intrinsic setback in that it is traumatic and 
unphysiological especially in young children and therefore the findings can 
hardly be representative of the situations under normal physiological 
circumstances. For all these reasons the widely accepted cystographic 
concept of VUR is in fact quite unacceptable to be used routinely as a guide 
for diagnosis and management. 
There are mounting evidences from various studies indicating the 
importance of bladder dysfunction in relation to the pathophysiology and 
treatment options of primary VUR in children. As a result of these 
findings, it appears that the currently used cystographic criteria for VUR, 
which are based upon the degree of ureteral and pelvicalyceal dilatation as 
shown on the MCU, and anatomic factors with respect to the configuration 
and location of the ureteric orifices, are not sufficiently physiological for us 
to prognosticate the clinical outcome of reflux in many children. Hence 
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there is a pressing need for a new cystometric concept of reflux in that 
conventional cystography should be replaced by a more complete and 
physiological evaluation of the lower urinary tract based on urodynamically 
assessed variables [iss, 197�.Surprisingly, such a urodynamic classification 
has never become widely accepted by paediatric nephrologists and 
urologists. Primary VUR is still regarded by most as an unique congenital 
disorder and managed likewise as a homogenous condition. One of the 
important reason for this indifferent attitude is, apart from the technical 
difficulties, the lack of standardization in techniques and interpretation of 
cystometric studies in children. 
i 
j • 
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CHAPTER SIX 
S U M M A R Y , H Y P O T H E S I S 
AND 
OUTLINE OF STUDIES 
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6.1 Continuing controversies in VUR and reflux nephropathy 
Despite over two decades of intensive clinical and experimental 
research, there are still a lot of unsettled controversies over different 
aspects of VUR and reflux nephropathy. Considerable confusion exist 
regarding its causative etiology, pathogenetic mechanisms, classification, 
associated anomalies and above all, the treatment of choice. As an attempt 
to resolve on some of these controversies, the International Reflux Study 
Committee (IRSC) was initiated in 1980, formed by paediatric urologists 
and nephrologists from both United States and Europe. In 1991, the 5-year 
follow-up of over 500 children with severe VUR recruited from major 
centres in both continents was completed. The results, reported in the last 
International Workshop on Reflux and Pyelonephritis held in Louisiana, 
was disappointing. It can be summarized by stating that there is as yet no 
evidence to indicate clear superiority of either medical or surgical 
management in the treatment of VUR in terms of renal growth, renal 
scarring or function. Medical and surgical treatment of reflux appear to be 
equally effective. Urinary tract infections and new renal scars developed 
with equal frequency in both medical and surgical treatment groups. The 
renal morphology, rather than the treatment modality, appeared to be a 
significant factor in the prediction of new scars: more new scars appeared 
in those with parenchymal thinning than in those with focally scarred or 
normal kidneys at entry [i53]. The yet unresolved dilemma on the treatment 
modality of choice for primary VUR therefore continues. 
One particularly interesting finding from the recent IRSC report was 
that the frequency with which urinary tract infection recurred was similar 
irrespective of whether reflux resolved, diminished or remained 
unchanged. It is therefore likely that some other underlying pathogenic 
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factors besides VUR is probably responsible for the predisposition of 
urinary infections and hence the development of new scarring 剛 . W i t h 
the currently available evidences that various types of bladder dysfunction 
contribute significantly to the pathophysiology of VUR and reflux 
nephropathy in children, it is appealing for one to postulate that underlying 
abnormal bladder function, rather than VUR itself, is the actual culprit for 
causing urinary infections and renal damage. One may hypothesize that 
reflux, as is demonstrated on the cystogram, is simply the radiological 
manifestation of the underlying bladder dysfunction and merely acts as a 
conveying vehicle for the adverse hydrodynamic factors to the renal 
parenchyma. If this postulation is valid then the detection and treatment of 
any underlying bladder dysfunction in patients with VUR especially in 
infancy, which is the period when the growing kidney is most susceptible to 
insults and damages, should be the focus of future research. 
Although the IRSC results indicate that both surgical and medical 
management of VUR are equally effective, most practising paediatric 
urologists as well as nephrologists realize that the two treatment modalities 
are not equal and interchangeable in every individual case. It is common 
clinical experience that while some children can remain well on continuous 
chemoprophylaxis, for others conservative management can be a total 
failure and these children will have recurrent breakthrough infections and 
general ill health until an antireflux procedure is performed. The logical 
deduction from these observations is of course that VUR is not a 
homogeneous condition but a heterogeneous one consisting of different 
pathogenetic entities. Whether this postulation is valid and if so, how can 
one substratify these refluxing patients into different subgroups for 
appropriate treatment, forms one of the main objectives of this thesis. 
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Findings from recent studies on refluxing infants detected following 
an antenatal diagnosis of hydronephrosis have provided some new clues to 
the myriad of continuing controversies. This group of prenatally diagnosed 
refluxing infants is characterized by a marked male preponderance, 
tendency for high grade reflux and bilateral involvement. Despite the 
severity of reflux as demonstrated on cystography, there is a high rate of 
spontaneous resolution before the age of two years. Furthermore, a 
significant proportion of the refluxing kidneys unexposed to urinary 
infections have evidence of impaired function on initial DMSA scans. Many 
of these kidneys are small and contracted with a global decrease in isotope 
uptake, which is atypical of the focal defects that are characteristic of reflux 
nephropathy found in later childhood. Based on these findings it is 
reasonable for one to hypothesize that primary VUR is a heterogeneous 
condition which comprises at least two patient populations: (i) an 
asymptomatic infantile group consisting mainly of males with high grade 
reflux which is often associated with renal maldevelopment; and (ii) a 
symptomatic group of older children consisting mainly of females who 
usually present after the age of two. Reflux in the infantile group, even 
with high grades, tend to resolve spontaneously in the first one to two 
years. In the symptomatic group of older children, the majority of which 
are girls, there is often associated dysfunctional voiding possibly related to 
faulty toilet training, urinary tract infections and pyelonephritic renal 
scarring, i.e. reflux nephropathy in its traditional sense. Such a hypothesis 
will explain the difference in sex distribution as observed in different age 
groups of the refluxing population. 
Observations that primary VUR diagnosed prenatally is 
characterized by a remarkable male preponderance with a tendency for 
severe bilateral reflux, a high incidence of renal maldevelopment, and a 
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high rate of spontaneous resolution during early postnatal life have led this 
author to postulate that a period of transient in-utero bladder outflow 
obstruction may have occurred during the complex events in the 
embryological development of the male urethra which leads to reflux and 
renal maldevelopment. This will account for the marked difference in sex 
distribution, the renal dysplasia occurring in-utero as well as the early 
spontaneous cessation of reflux postnatally. Whether this hypothetical in-
utero bladder outlet obstruction can be reflected by abnormal bladder 
function in infancy, particularly in the males, forms the central theme of 
this thesis. 
6.2 Hypothesis, objectives and outline of studies 
Based on the results from published studies in the medical literature, 
with the clearly unsettled disputes surrounding various aspects of VUR and 
reflux nephropathy, it is the contention of this author to hypothesize that: 
1) The traditional concept that primary VUR is a unique condition due 
to a congenital maldevelopment of the ureterovesical junction is 
probably erroneous, and that different pathogenetic entities actually 
exist, with significant differences between males and females; and 
2) Proper substratification of primary VUR, with special reference to 
different urodynamics patterns, should form an integral part in the 
management strategy of VUR in infants and children. 
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The design of various studies that encompass the hypotheses of this 
work are outlined as follows. 
In Chapter 7, a prospective study on infants with prenatally 
diagnosed VUR is described to evaluate the different characteristics of male 
and female refluxing infants. These infants were evaluated for their 
antenatal history, the severity of reflux, renal scarring, bladder wall 
thickness, natural course of reflux and the incidence of spontaneous 
resolution upon follow-up. The objective is to test our hypothesis that 
primary VUR is a heterogeneous condition which comprises at least two 
patient populations involving probably different pathogenetic mechanisms: 
(i) an infantile group consisting mainly of males with high grade reflux; 
which is different from (ii) the usually recognized symptomatic group of 
older children consisting mainly of females. 
Chapter 8 describes a clinicopathological study on reflux 
nephropathy in children with gross reflux who were submitted to unilateral 
nephrectomy. The clinical findings and histopathology of the 
nephrectomised specimens were carefully reviewed with special emphasis 
on: (i) the differences between males and females; and (ii) evidence of renal 
dysplasia, i.e. in-utero renal malformations, as a contributing factor to 
reflux nephropathy which is distinct from the traditional concept of 
postnatally acquired pyelonephritic scarring. 
In Chapter 9, the hypothesis that some degree of transient bladder 
outlet obstruction may have occurred in-utero in male infants with 
prenatally diagnosed VUR was tested with an independent review of the 
urethrograms in these infants by a consultant radiologist and a consultant 
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paediatric urologist. The results were correlated with findings from 
cystourethroscopic examinations in some of these infants. 
Whether the hypothetical in-utero bladder outlet obstruction can be 
reflected by abnormal bladder function in infancy, particularly in the males, 
forms the central theme of this thesis. It is therefore imperative that 
carefully conducted and analyzed bladder function studies are performed in 
these young refluxing infants, preferably in the first few months of life. 
Conventional urodynamic studies however are technically quite difficult to 
perform in young children due to the lack of patient cooperation. The 
techniques commonly used for conventional cystometry and their inherent 
problems when applied to infants and children are discussed in Chapter 10. 
Because of the great difficulties encountered with the application of 
conventional cystometric techniques in young infants, the author has 
pioneered the use of a new and more physiological method of bladder 
function studies. The method employs modern ambulatory monitoring 
technology for prolonged pressure recording under a natural filling 
condition, with minimal disturbance to the young patients. This new 
technique is described in Chapter 11. 
Using the prolonged natural filling cystometric technique, new 
insights are achieved in the understanding of bladder function and 
micturition control in infancy. Some of the findings are remarkably 
contradictory to our traditional views. A new set of bladder function 
parameters in infants with normal lower urinary tracts is also obtained with 
which the cystometric parameters of the refluxing infants can be compared. 
These findings are described in Chapter 12. 
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Using the natural filling cystometric technique, bladder function 
studies were performed in a group of young refluxing infants at around the 
age of 6 months. Different urodynamic patterns were observed when 
compared to bladder function studies in a group of age-matched infants 
with normal lower urinary tracts. These are described in Chapter 13. 
Most of the refluxing infants were followed with the cystometric 
studies repeated at around 15 months of age and the results were correlated 
with the clinical outcome of reflux during the second year of life. These are 
described in Chapter 14. In addition, the changes in bladder functional 
pattern as suggested by natural filling cystometry in these refluxing infants 
from the early (6 months) studies to the follow-up (15 months) studies, and 
the correlation to the clinical outcome of reflux, are discussed. 
Although conventional MCU has been used as the gold standard for 
the diagnosis and grading of VUR, the examination is unphysiological and 
subject to a substantial number of variables and hence potential 
unreliability. A new physiological technique for performing cystogram is 
described in Chapter 15, in which prolonged direct isotope cystogram was 
performed under natural filling condition with synchronous bladder 
pressure recording. This latter was performed via a small suprapubic 
catheter inserted previously under a light general anaesthesia. The findings 
were correlated with the initial diagnosis as suggested by conventional 
MCU and also with the clinical outcome on follow-up cystogram during the 
second year of life. 
In order to understand the dynamics of a refluxing system and 
perhaps to allow a new classification of reflux problems based on 
physiological measurement, it is necessary to combine quantitation of 
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refluxed urine volumes with synchronous recording of bladder function 
during a filling and voiding cycle. This was achieved with an innovative 
technique combining direct radionuclide cystography and synchronous 
bladder urodynamics which allows quantitative assessment of reflux in 
conjunction with associated normal or abnormal bladder behaviour. 
Findings of the studies with this technique on the refluxing infants are 
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V E S I C O U R E T E R I C REFLUX IN INFANTS 
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I s u m m a r y ] 
Objective: To study the different characteristics of prenatally 
diagnosed vesicoureteric reflux (VUR) in male and female infants. 
I Patients and Methods: 155 infants (117 males, 38 females; 236 
refluxing units) with primary VUR detected following a prenatal diagnosis 
of hydronephrosis were evaluated. The antenatal history, severity of reflux, 
renal scarring as revealed by DMSA scans, bladder wall thickness as 
measured by ultrasonography, natural course of reflux and the incidence of 
spontaneous resolution upon follow-up were analyzed. 
Results: There were striking differences between males and females. 
Boys had significantly more bilateral hydronephrosis detected prenatally 
than girls. Of 178 refluxing units in boys, 96 (54%) were of grades IV to V as 
compared to only 13 of 58 refluxing units (22%) in girls (p<0.001). Early 
DMSA scans revealed abnormalities in 71 refluxing kidneys (40%) in boys 
as compared to only 7 (12%) in girls (p<0.001). Of note, the small 
"dysplastic" kidneys were almost confined exclusively to the male 
refluxers. Furthermore, bladder wall thickness in boys was significantly 
higher than in girls (mean: 3.4 mm vs 2.4 mm; p<0.001), suggesting the 
possibility of intrauterine bladder outflow obstruction. Upon follow-up at 
15 months, reflux had resolved in 73% (boys) and 64% (girls) of grade I to 
III, and in 44% (boys) and 38% (girls) of grades IV and V refluxing units 
respectively. Nine infants (all boys) had undergone surgical treatment. 
Conclusions: Primary VUR in male and female infants has very 
different characteristics and probably involve different pathogenetic 
mechanisms. High grade reflux in male infants with or without renal 






maldevelopment may represent the sequelae of a transient in-utero episode 
of bladder outlet obstruction and should therefore probably be regarded as 
a different entity from symptomatic reflux in older children, particularly 
females. 





The advent of prenatal ultrasound screening over the past few 
decades has allowed the detection of fetal uropathies during pregnancy 
with increasing frequency [i69, 157]. Because of this an important new 
population of infants with asymptomatic vesicoureteric reflux (VUR) has 
been identified in early postnatal life [6o,i98, 61� .Previous reports of this 
particular group of refluxing infants have uniformly revealed a marked 
male preponderance 帆 i98,61,65,59]. Furthermore, a significant proportion of 
these infants had abnormalities on initial DMSA scans even in the absence 
of any preceding urinary tract infections [59, 62,199,175�.This differs from the 
generally recognized clinical picture of symptomatic reflux in older 
children which typically occurs in females�25, 200, 57, 54]. it has therefore been 
postulated that the renal defects in these refluxing infants, especially the 
males, might be a result of in-utero malformations, or dysplasia, rather than 
reflux nephropathy associated with urinary infections 岡 . T h i s study was 
undertaken to evaluate the differences between male and female infants 
with prenatally detected reflux, which may help to shed new light on the 
pathogenetic mechanisms of VUR and its associated renal defects in 
infancy. 
I Patients and Methods [ 
Between April 1988 and June 1993, 796 infants with prenatally 
diagnosed renal anomalies were referred to the Department of Urology, 
Hospital For Sick Children, Great Ormond Street, London. Of these, 155 
infants (19%) were found to have primary VUR postnatally and formed the 
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study population. Infants with reflux secondary to a neuropathic bladder or 
posterior urethral valves were excluded. Because of difficulties in the 
interpretation of severity of reflux and differential kidney function, 
； 
refluxing units that were associated with duplex systems, multicystic 
j dysplastic kidneys and pelviureteric junction obstruction were also 
S excluded. 
The antenatal history was recorded in detail. The postnatal imaging 
strategy for infants with prenatally detected hydronephrosis started with an 
ultrasound scan in the first week of life or as soon as possible after referral 
to confirm the presence of urinary tract dilatation. If no significant 
i ？ 
hydronephrosis (renal pelvic diameter < 5 mm) was detected during the 
i first postnatal examination a repeat scan was performed a month later. As 
part of the antenatally diagnosed hydronephrosis study routine the antero-
posterior (A-P) diameter of the renal pelvis and the bladder wall thickness 
were measured on the initial untrasound. For comparison with the 
refluxing infants in this present study, ultrasonic measurements of bladder 
wall thickness were obtained in a "control" group of male infants with 
unilateral pelviureteric junction obstruction but with no VUR or other lower 
urinary tract abnormalities. For infants found to have bilateral 
hydronephrosis, dilated ureters or a thick-walled bladder, an early 
micturating cystourethrogram (MCU) would be performed a few days after 
the initial postnatal sonogram. In all other infants with mild or unilateral 
hydronephrosis a routine MCU was performed by 3 months of age. If VUR 
was detected a ^^Tc^ dimercaptosuccinic acid (DMSA) renogram was 
obtained soon afterwards. 
VUR was classified according to the International Reflux Study 
Committee (1981). All infants with VUR or any degree of urinary tract 
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I dilatation confirmed postnatally by ultrasound routinely received 
continuous chemoprophylaxis (trimethoprim 2mg/kg/day). Urine cultures 
were obtained regularly during follow-up visits and also during any febrile 
episodes. Repeat imaging consisted of an ultrasound, cystogram and DMSA 
scan at 15 months of age. 
Data analysis were performed using the chi-square test with Yates's 
correction and the Wilcoxon test, p values of <0.05 were considered to be of 
statistical significance. 
I Results II 
Of the 155 infants with primary VUR, 117 were males (178 refluxing 
units) and 38 were females (58 refluxing units), giving a male to female 
ratio of 3.1 : 1. Detailed prenatal histories were obtained in 145 patients 
(108 males). Prenatal sonography before 20 weeks of gestation detected 
hydronephrosis in only 43 patients (37 males). Urinary tract dilatation in 
the remaining 102 patients (70%) were detected only by a late scan between 
20-39 weeks of gestation performed for obstetric reasons. Of the 145 
patients, bilateral hydronephrosis were documented during prenatal 
screening in 48 of 108 males compared to 9 of 37 females (p<0.05). 
Initial Postnatal Imaging 
Of the 155 infants, 81 (61 males) had bilateral reflux giving a total of 
236 refluxing units. The grades of reflux are listed in Table 1. Males in 
general had higher grades of reflux. Of the 178 refluxing units in males, 96 
(54%) were of grades IV to V compared with only 13 units (22%) in females. 
This difference is highly significant (p<0.001). 
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Ultrasonography was not a reliable tool for the detection of reflux 
I 
postnatally in both males and females. Although there was a tendency for 
severe reflux to be associated with more severe hydronephrosis in either sex 
(Table 2), there were 99 refluxing units (42%) with no evidence of 
hydronephrosis on initial postnatal sonography. Of these, 25 units had 
grades IV to V reflux. 
f 
Ultrasound measurement of the bladder wall thickness was available 
in 118 refluxing infants. This showed that in general the males had a 
thicker bladder wall than females (Figure 1). Thirty seven of 85 males as 
compared to only one of 33 females had a bladder wall thickness of over 3.5 




I refluxers with a "control" group of 29 male infants investigated for isolated 
unilateral hydronephrosis who had no VUR on MCU also showed a 
significant difference (Figure 1). Using the Spearman test, there was a 
weakly positive correlation between bladder wall thickness and the severity 
of reflux in males. In general, high grade refluxing units were associated 
with thicker bladder walls (rg = +0.179, p < 0.05) (Table 3). 
Abnormal DMSA Scan and Urinary Tract Infection (UTI) 
All 155 infants had renal imaging with 99Tcm DMSA shortly 
following the detection of VUR. Marked differences were found again 
between males and females. Seventy-one of 178 (40%) refluxing kidneys in 
males were abnormal as compared to only 7 of 58 (12%) in females (p < 
0.001). The abnormal DMSA scan findings were in general associated with 
higher grades (grades IV and V) reflux and could be categorized into four 
patterns: (i) focal scarring; (ii) small kidneys with global decrease in isotope 
uptake (differential parenchymal function < 45% but >10%); (iii) small and 
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scarred kidneys; (iv) poorly functioning kidneys with differential 
parenchymal function of less than 10% (Table 4). Of note, the small kidneys 
were almost confined exclusively to the male refluxers. Twenty-three of 178 
refluxing kidneys in males were small as compared to only 1 in 58 refluxing 
kidneys in females (p < 0.05). 
Prior to the initial renal imaging, 135 patients (101 boys : 34 girls) 
with 201 refluxing units had no history of symptomatic urinary infection. 
Of these, 57 kidneys (28%) were found to be abnormal. The remaining 20 
patients (35 refluxing units) had a history of documented symptomatic UTI 
prior to DMSA imaging. Of these, 21 kidneys (60%) were abnormal (Table 
5). Of the 78 refluxing kidneys with an abnormal DMSA scan, 25 had focal 
scarring only, 47 were either small kidneys with a global decrease in isotope 
uptake or small and scarred kidneys, and 6 were non-functioning kidneys. 
Only 12 of 201 (6%) refluxing kidneys with no history of UTI had evidence 
of focal scarring as compared to 13 of 35 (37%) refluxing kidneys with 
infection. Interestingly, only 8 of the 47 (17%) abnormal small kidneys were 
associated with a history of urinary infection. 
Of the 20 patients (16 boys : 4 girls) who developed early 
symptomatic UTI prior to their initial DMSA scans, 11 had their infective 
episodes before the MCU was performed and the diagnosis of VUR. Of 
these, 9 (2 girls) were not started on prophylactic antibiotics either due to 
absence of significant urinary tract dilatation on the initial postnatal 
ultrasonogram (6 patients) or due to omission by the referring paediatrician 
(3 patients). Two patients, both boys, developed urinary infection with 
septicaemia at 6 days and 2 weeks after birth respectively before a MCU 
was done despite appropriate antibiotic prophylaxis. Five patients (1 girl) 
developed symptomatic UTI shortly (1-4 days) after the MCU examinations. 
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Of these, 2 were not on antibiotic prophylaxis. The remaining 4 patients (1 
！ girl) had breakthrough UTI unrelated to the MCU but prior to the DMSA 
I-
j scans, despite routine antibiotic prophylaxis. 
Progress 
Follow-up ranged from 5 to 72 months (mean 30.9 months). Twelve 
infants developed breakthrough urinary infections despite antibiotic 
prophylaxis, 9 of which occurred prior to the initial DMSA scans. Of the 12 
children with breakthrough UTI, 6 had recurrent episodes of infection. 
Nine infants (all boys) underwent surgery at a mean age of 8 months (range 
3 - 1 4 months). Two boys (3 refluxing units) had ureteric reimplantation. 
Four male infants with non-functioning kidneys associated with gross 
reflux had nephroureterectomy. In addition, 3 male infants (5 refluxing 
units) with gross reflux and recurrent episodes of breakthrough UTI had a 
vesicostomy fashioned. All the other children were managed 
conservatively with continuous antibiotic prophylaxis. 
Eighty-nine boys (138 refluxing units) and 36 girls (55 refluxing 
units) were available for reassessment at 15 months (Table 6). Fifty-one of 
70 (73%) grades I to III refluxing units in boys, and 27 of 42 units (64%) in 
girls had resolved spontaneously. As much as 44% (30 of 68) of the grades 
IV to V refluxing units in boys, and 38% (5 of 13) in girls had also resolved 
by 15 months. In 4 male infants with unilateral VUR on initial imaging, 
significant reflux (3 grade IV, 1 grade V) was newly detected by cystogram 
in the contralateral kidneys at 15 months. No new reflux was observed in 
girls on follow-up reassessment. 
Refluxing kidneys with abnormalities on initial DMSA scans were in 
general associated with persistence of reflux (Table 7). Of 135 refluxing 
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units with initial normal DMSA scans, 95 (70%) had spontaneous resolution 
of reflux at 15 months as compared to 19 of 58 (33%) refluxing units with 
abnormal scans (p < 0.001). There were no significant difference between 
males and females in reflux resolution rate for the same grade of VUR or the 
same type of kidney morphology as revealed by DMSA scans. 
I— — 
Discussion 
Primary VUR is a common urological problem in children which is 
often associated with urinary infections and renal scarring. Reflux 
nephropathy, the term used to describe the small and irregularly scarred 
kidney often seen as a result of this association, may manifest itself as 
recurrent UTIs, hypertension, proteinuria or even renal failure. Although 
the actual prevalence of asymptomatic VUR in childhood is difficult to 
assess, previous studies have indicated that the condition was typically 
found in girls who presented with symptomatic UTI or screening 
bacteriuria�25' 57, 54]. The routine practice of prenatal ultrasonography in 
most obstetric units worldwide during the past two decades has introduced 
a new population of asymptomatic, healthy neonates with VUR detected 
following a prenatal diagnosis of urinary tract dilatation [i69,157�Unlike the 
usual clinical picture of symptomatic reflux which typically occurs in older 
girls, this particular group of infants with VUR diagnosed antenatally is 
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characterized by a marked male preponderance "“ . Of the 796 infants 
referred to us with a history of fetal hydronephrosis, 155 (19%) were found 
to have primary VUR on MCU. Of these, 117 were boys giving a male : 
female ratio of 3.1 : 1. This male dominance concurs with reports from all 
t h e p r e v i o u s w o r k e r s � 6 0 , i98, ei , 6 5 , 5 9 , 6 2 ] , 
96 : 
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A detailed antenatal history was obtained in over 90% of the 
refluxing infants in this study. Bilateral fetal hydronephrosis was present 
in significantly more males (44%) as compared to females (24%). 
Unfortunately there was insufficient information from the antenatal history 
on the status of the fetal bladders and ureters to provide more clues on the 
possible link of this finding to the existence of in-utero lower urinary tract 
pathology. It is also important to note that in only 30% of our cases were 
the abnormalities detected by prenatal sonography before 20 weeks of 
2 
gestation. This supports the findings of Gunn et al where none of the fetal 
uropathies were detected before 28 weeks and emphasizes the importance 
of a late scan during pregnancy. Furthermore, upper tract dilatation as 
measured by postnatal ultrasonography does not reliably detect the 
presence of reflux in our experience. As much as 70% of all refluxing units 
either had no dilatation at all or only mild hydronephrosis with a renal 
pelvis of less than 10 mm. This resulted in delay in diagnosis and failure to 
start appropriate antibiotic prophylaxis in a number of infants. Two male 
infants with severe reflux had recurrent episodes of urinary infection and 
were found to have significant renal scarring before the diagnosis was 
finally made. It is arguable therefore that all infants who have had prenatal 
hydronephrosis should have a postnatal cystogram even if the dilatation is 
mild or no longer evident after birth. Over the past years it has been our 
experience as well as others that a significant proportion of infants with 
mild hydronephrosis in fact have VUR�65' 64� .Our policy is therefore that all 
infants with any degree of upper or lower urinary tract dilatation will 
receive a MCU at 3 months and at an earlier age where indicated. 
Results from this study have revealed striking differences between 
male and female refluxing infants detected prenatally. Male infants have 
significantly more severe reflux than females. Of the 178 refluxing units in 
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males, 54% were of grades IV to V compared with only 22% in females. 
This predominance of more severe grades of reflux in the male infants 
concurs with previous reports of prenatally diagnosed reflux. In the 
previously published studies, however, no particular attempts had been 
\ . 
i made to compare between males and females [3-8,10] Despite our finding 
I 
I that males have significantly more bilateral fetal hydronephrosis during 
prenatal sonographic screening than females, there was no significant 
difference in the proportion of male and female infants having bilateral 







Significantly more refluxing kidneys in the male infants had 
abnormalities detected by an early DMSA scan than females. Furthermore, 
a high proportion of these abnormal refluxing kidneys were not associated 
with urinary infection. This raises the possibility that such reflux-
associated renal abnormalities may be a primary congenital malformation 
rather than a postnatally acquired lesion [65,59,62,199,175�.This was especially 
obvious for those small kidneys with global decrease in isotope uptake, 
which was almost confined exclusively to the male refluxing infants. In a 
recent clinicopathological study of reflux nephropathy in children 
submitted to unilateral nephrectomy, we found that although segmental 
scarring was frequent in kidneys of both males and females, histological 
evidence of dysplastic changes was confined only to the male patients and 
this occurred in the majority (63%) [201�.There was thus good correlation 
between pathological and radioisotope studies to support the hypothesis 
that congenital renal malformation, or dysplasia, is the predominant 
pathogenetic mechanism for reflux nephropathy in male infants. Unlike the 
findings of Crabbe et al 剛 where appearances of focal scarring were 
confined to infected refluxers, both global decrease in uptake as well as 
focal parenchymal defects were observed in refluxing kidneys irrespective 
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of the history of urinary infection in our series. This supports the findings 
of Burge et al [i76] and highlights the possibility that acquired renal 
damage, most probably initiated by urinary infection, may superimpose on 
any intrauterine renal maldevelopment or dysplastic changes. 
The interesting finding of increased bladder wall thickness in the 
male infants with VUR is difficult to explain. The significant difference 
between the refluxers and the control group of boys would suggest that this 
is specifically related to the reflux population. The difference between 
males and females further underlines the possibility that the pathogenetic 
mechanism of reflux might be different in the two sexes. One may 
postulate that this increased thickness of the bladder wall in the male 
refluxers may be the result of a transient period of bladder outflow 
obstruction in-utero�202, 03�.This concept is supported by the urodynamics 
findings of Sillen et al who have observed high pressure voiding and 
instability in grossly refluxing male infants which closely mimics the 
findings in babies with posterior urethral valves following resection 剛 . I n 
a fetal lamb model Beck has demonstrated that urinary obstruction in early 
gestation could result in renal dysplasia 岡 . i t is possible therefore that if 
the period of bladder outflow obstruction occurs early in pregnancy it can 
be responsible for the onset of reflux as well as the renal maldevelopment. 
The far more complex embryological development of the lower urinary tract 
in the males as compared to females may have an important bearing in the 
marked differences observed between male and female refluxing infants. It 
is probable that a transient period of urinary obstruction may be a common 
or even normal phenomenon during embryogenesis of the male urinary 
tract. Spontaneous resolution of such transient obstruction either in-utero 
or soon after birth may account for the high spontaneous resolution rate of 
even gross reflux in early postnatal life. 
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In summary, the results from this study show that primary VUR in 
male and female infants have very different characteristics and probably 
involve different pathogenetic mechanisms. Reflux nephropathy in these 
infants can best be seen as a spectrum: with the females having largely 
acquired focal defects at one end, and the males having mainly global 
"dysplastic" changes at the other, with varying degrees of superimposed 
acquired damage. The increased bladder wall thickness in the male 
refluxers suggest that reflux in these male infants may represent the 
sequelae of a transient in-utero episode of bladder outlet obstruction and 
should therefore probably be regarded as a different entity from 
symptomatic reflux in older children, particularly females. 
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Table 7.1 Grades of VUR 
Grades of No. of refluxing Units (%) 
reflux Male Female 
I 6 (3%) 7 (12%) 
II 35 (20%) 19 (33%) 
III 41 (23%) 19 (33%) 
IV 45 (25%) 11 (19%) 
V 51 (29%) 2 (3%) 
Total 178 (100%) 58 (100%) 
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Table 7.2. Upper tract dilatation (ultrasound) vs grades of VUR.* 
Grades of Antero-posterior Pelvic Diameter (mm) 
reflux < 5 6 - 1 0 1 1 - 1 5 >15 
I 5 3 4 1 
II 37 11 5 1 
III 32 17 9 2 
IV 17 20 12 7 
V 8 16 17 12 
* Numbers indicated represent number of refluxing units. 







Table 7.3. Bladder wall thickness vs grades of reflux in males.* 
j 
Grades of Bladder Wall Thickness (mm) 
reflux < 2.0 2.1 - 3.0 3.1 -4 .0 >4.0 
I 0 1 5 0 
II 6 8 9 4 
III 2 11 12 5 
IV 1 7 12 12 
V 2 10 10 10 
* Numbers indicated represent number of refluxing units. 
！ 
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Table 7.4. DMSA scan findings vs grades of reflux* 
Grades of DMSA findings 
reflux Normal Focal Small Small + Nonfunction 
scarring "dysplastic" Scarred 
I 6 (6) 0 (1) 0 (0) 0 (0) 0 (0) 
II 34 (19) 1 (0) 0 (0) 0 (0) 0 (0) 
III 36 (19) 3 (0) 2 (0) 0(0) 0 (0) 
IV 23 (7) 12 (1) 6 (1) 4 (2) 0 (0) 
V 8(0) 5(2) 15(0) 17(0) 6(0) 
* Number of refluxing units in females are shown in parenthesis along 
side that of males. 
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Table 7.5. DMSA scan findings vs history of urinary infection* 
DMSA UTI No UTI 
findings 
Normal 10 (4) 97 (47) 
Focal 10 (3) 11 (1) 
scarring 
Small 1 (0) 22 (1) 
"dysplastic" 
Small + 7 (0) 14 (2) 
scarred 
Nonfunctioning 0 (0) 6 (0) 
* Number of refluxing units in females are shown in parenthesis along 
side that of males. 
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Table 7.6. Spontaneous Resolution of VUR at 15 months 
i 
I A. Male 
Grade J/lll Grade IV/V 
i 
Reflux 51 (73%) 30 (44%) 
resolved 
Reflux 19 (27%) 38 (56%) 
persisted 
B. Female 
Grade J/lll Grade IV/V 
Reflux 27 (64%) 5 (38%) 
resolved 
Reflux 15 (36%) 8 (62%) 
persisted 
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Table 7.7. DMSA scan findings vs spontaneous resolution of reflux 
DMSA Reflux Reflux 
findings resolved persisted 
Normal 95 40 
Focal scarring 10 13 
Small dysplastic" 8 11 
Small + scarred 1 13 
Nonfunctioning 0 2 
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Figure 7.1. Bladder wall thickness in boys with VUR compared 
to girls with VUR and "control" group of boys. 
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CHAPTER EIGHT 
A C L I N I C O P A T H O L O G I C A L STUDY 
ON REFLUX N E P H R O P A T H Y 
IN CHILDREN S U B M I T T E D TO 
U N I L A T E R A L N E P H R E C T O M Y 
1 0 9 '一 
I SUMMARY ‘ 
I I 
The clinical findings and renal histopathology have been reviewed in 
children with gross primary vesicoureteric reflux (VUR) submitted to 
unilateral nephrectomy. Of the 42 children reviewed, sections of the 
nephrectomy specimens were available in 36. In this series, 34 patients 
were male and eight were female. The boys included seven in which 
hydronephrosis was identified by fetal ultrasound. The male patients 
tended to present earlier and had nephrectomies younger than the females. 
Segmental scarring was frequent in both males and females, but evidence of 
dysplastic renal development was confined to the male patients and 
occurred in the majority (63%). Acquired mechanisms for the induction of 
segmental renal scarring, involving VUR, intrarenal reflux (IRR) and 
urinary infection, shown to be important in older children, clearly operate 
in infancy. However, this study emphasizes that congenital malformation 
of the kidney is a crucial factor in the development of reflux nephropathy 
(RN) in this younger age group, particularly in males. Speculation on the 
significance of the association between renal dysplasia and RN is discussed 
in relation to observations on the embryological development of the male 
lower urinary tract. 
* 
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I Introduction |[ 
Reflux nephropathy (RN) [8i] is now an accepted term used to 
describe renal scarring in association with vesicoureteric relux (VUR). 
Characteristically, the scarring is segmental and is recognized 
radiologically by areas of parenchymal thinning directly overlying dilated 
("clubbed") calyces [u, 12' 212, 213, 216� .Incompetence of the vesicoureteric 
f 
junction which is the cause of VUR, may allow retrograde propulsion of 
urine into the renal parenchyma following detrusor contraction at 
micturition. This phenomenon, termed intrarenal reflux (IRR), has been 
regarded as the vital link between VUR and segmental scarring [102, 73, 88]. 
However, controversy persists whether urinary infection introduced by IRR 
is an essential prerequisite�88' 217�or whether the hydrodynamic effects of 
IRR alone [si】，particularly if intravesical pressure is abnormally high [so, 211], 
may be sufficient to initiate the scarring process. 
Such concepts envisage reflux-associated renal damage as due to 
acquired mechanisms, and less attention has been focused on the 
contribution of renal maldevelopment (dysplasia) to the pathology of RN. 
Nevertheless, particularly in patients discovered in infancy or early 
childhood, the possibility has to be considered that VUR operating in utero, 
especially if severe enough to cause functional obstruction, may interfere 
with metanephric differentiation [86]. Equally, renal dysplasia and VUR 
may be separate expressions of a malformed urinary tract, frequently co-
existing but not necessarily causally related [36]. In either event, the 
如 opportunity now exists to recognize some such patients at a very early stage 
by a combination of fetal ultrasound to demonstrate intrauterine 
hydronephrosis and early cystography to identify VUR postpartum prior to 
any infection. Recent studies have shown that in this situation VUR is often 
gross and, unlike RN patients identified later in childhood, there is a 
marked preponderance of males 叩，i72, ei, 62]. Decreased renal function is 
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seen in about one-fifth of these patients and the kidneys tend to be small 
with smooth outlines rather than exhibiting segmental scarring. 
RN is thus seen as a spectrum, those patients presenting later having 
j largely acquired disease characterized by segmental scarring due to VUR 
associated with urinary infection, whilst those presenting early, particularly 
in infancy, may have renal damage in which here is a significant element of 
dysplastic development, although varying degrees of acquired scarring may 
be superimposed. 
With these concepts in mind, this study was undertaken to 
investigate the histopathological changes in the kidneys of a consecutive 
series of children with gross VUR submitted to unilateral nephrectomy at 
the Hospital for Sick Children between 1980 and 1992. The particular 
features examined were the frequency of cortical and medullary dysplasia, 
segmental scarring and evidence of renal parenchymal infection. 
Materials and methods || 
Patients 
A total of 42 children with gross VUR who had undergone unilateral 
nephrectomy were treated at the Hospital for Sick Children, Great Ormond 
Street between 1980 and 1992. Only patients with primary VUR were 
considered, and those with VUR associated with posterior urethral valves, 
ureterocele, single ectopic ureters and overt neuropathic bladders were 
excluded. 
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The indication for unilateral nephrectomy was a marked disparity in 
differential function between the kidneys, the kidney subsequently excised 
99m 
showing persistent VUR into a dilated upper tract. On Tc-DMSA 
scanning the kidney was either non-functioning (no uptake) or showed very 
poor uptake (generally less than 10% of overall function). 
The data reviewed included the mode and age at presentation, the 
grade of reflux, the occurrence of urinary tract infections and the age at 




Sections stained by H & E of all the tissue blocks from all the 
nephrectomy specimens available in the files of the Department of 
Histopathology (36 of the 42 patients) were assessed for evidence of cortical 
and medullary dysplasia, segmental scarring and parenchymal infection. 
Renal dysplasia 
Histological evidence of dysplastic maldevelopment depended on 
the recognition of "primitive ducts" as described by Ericsson and Ivemark 
(1958) which were lined by columnar epithelium and surrounded by 
mantles of mesenchymal cells 剛 . These structures were seen 
predominantly in the medulla (Figure 8.1), often in a delta-like 
configuration and occasionally aggregated to form nodular collections. 
Similar ductular structures occurred occasionally in the cortex. Other 
features of cortical dysplasia were foci of metaplastic cartilage, as described 
by Bernstein (1968) and primitive ("fetal") glomeruli and tubules 
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(Figure 8.2), as well as occasional fibrous walled cysts according to Risdon 
丨 (1991)丨214】. 
Segmental scarring 
Classical "reflux associated" scars were characterized by segmental 
I 
areas of glomerular sclerosis, periglomerular fibrosis, tubular atrophy and 
loss, and interstitial fibrosis. Such lesions were directly related to dilated 
calyces (Figure 8.3) and were usually sharply demarcated from adjacent 
normal parenchyma. Varying degrees of interstitial inflammation were 
present. 
In addition, other segmental scars were identified in which cortical 
elements were extremely sparse and inflammatory cell infiltration was 
minimal. Flattening of the medulla was not a feature as in the reflux-
associated scars and the lesion resembled more that described in the so-
called "Ask-Upmark" kidney (Figure 8.4) [205i. 
Renal in fection 
Histological evidence of parenchymal infection was considered to be 
present when a conspicuous chronic inflammatory cell infiltration 
associated with lymphoid follicle formation was seen in the renal 
inter stitium and the pelvicalyceal submucosal tissue (Figure 8.5). 




Data analysis was performed using the Wilcoxon test and the chi-
square test with Yates' correction; P values of <0.05 were considered 
significant. 
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[ Results II 
� Patients 
{VUR}: Of the 42 patients included in the study 21 had unilateral 
and 21 bilateral VUR. All but one had grade 4 or 5 VUR on the side which 
was subsequently nephrectomized. Of the patients with bilateral reflux, the 
grade was 4 or 5 in six and 3 or less in the other 15 on the contralateral side. 
{Age and sex}: A total of 34 boys and eight girls were studied. The 
most common presentation was with urinary tract infection (25 boys and all 
eight girls). Seven boys were diagnosed following the demonstration of 
hydronephrosis by fetal ultrasound; of these, one had a vesicoamniotic 
shunt inserted at 16-week gestation because of increasing bilateral 
hydronephrosis, bladder distension and oligohydramnios. One boy with 
bilateral grade 5 reflux presented with renal failure 3 days after birth, and 
one boy presented with hematuria and dysuria aged 3 years. 
A notable difference was seen between the sexes with regard to the 
age at presentation and the age at which nephrectomy for unilateral non-
function was performed. Apart from those diagnosed antenatally, the boys 
presented when aged between 1 week and 48 months (mean 6.8 months) 
while the girls presented at between 3 months and 96 months of age (mean 
31.2 months). This difference is statistically significant (pcO.OOl), even 
when the seven boys diagnosed antenatally are excluded (p<0.01). 
Nephrectomy was performed in the boys between the ages of 1 and 60 
months (mean 23.1 months) and in the girls between 38 and 120 months 
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(mean 67.3 months). This difference is also statistically significant 
I (p<0.001) even when the males diagnosed antenatally are excluded (p<0.01). 
[ 
{Technetium-99m DMSA scanning}: Scans were available for review 
in 34 of the 42 patients. In 29 of these the contralateral renal parenchyma 
was considered normal, and in only 5 was there evidence of segmental 
scarring of the opposite kidney. In three patients function of the kidney 
subsequently removed was seen to deteriorate gradually in association with 
recurrent urinary infections. In all 34 scans examined the severely affected 
kidney immediately prior to nephrectomy was small, non-functioning (no 
DMSA uptake) or showed differential uptake of less than 10%. In one case 
differential function was reported to be "less than 15%). In this patient the 
final decision for nephrectomy depended on visual examination of the 
DMSA analogue image, recognizing the fact that in infancy there can be 
considerable difficulty in providing a precise figure for differential function 
at very low levels of renal uptake. 
Histopathology 
At nephrectomy all the kidneys were noted to be small and 
hydronephrotic, with dilated, often tortuous ureters. Significant differences 
were noted between the kidneys from male and female patients with regard 
to evidence of dysplastic development. 
{Boys}: Of the 30 nephrectomies form males, 19 (63%) showed 
evidence of renal dysplasia. This was confined to the medulla in 7 and 
involved both cortex and medulla in 12. In all affected kidneys, however, 
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dysplasia was focal or segmental distrubtion and some normally 
differentiated parenchyma was always present. 
1' 
Segmental scarring was noted in 24 (80%) and was exclusively of the 
"reflux-associated" type in 11, exclusively of the "Ask-Upmark� type in 
seven, and combined in six. 
Evidence of renal infection was seen in 19 specimens. All 
nephrectomies with reflux-associated segmental scarring alone showed 
parenchymal infection, as did three of the six with combined reflux-
associated and Ask-Upmark scarring. However, of the specimens showing 
Ask-Upmark scarring alone or no segmental scarring (n=13), only five 
showed evidence of renal infection. 
No significant differences were identified between the seven 
nephrectomy specimens from boys diagnosed antenatally and those from 
the rest of the male patients. Of these seven nephrectomies, six showed 
renal dysplasia (corticomedullary in four; medullary alone in two), five 
showed segmental scarring (reflux-associated in four; Ask-Upmark in one) 
and five showed evidence of renal infection. 
{Girls}: Of the six nephrectomy specimens from female patients, none 
showed any dysplastic development. Segmental scarring of the reflux-
associated type was seen in two specimens, but in the remaining four the 
whole of the renal parenchyma was diffusely thinned and scarred with no 
uninvolved areas. It was noted that nephrectomy was performed later (58-
120 months; mean 79 months) in the four diffusely scarred kidneys than in 
the two showing segmental scarring (38 months; 48 months). All the 
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kidneys removed from female patients showed evidence of extensive 
parenchymal infection. 
Discussion || 
All the patients described had high grade VUR and had been 
subjected to unilateral nephrectomy to remove a poorly or non-functioning 
kidney. In these respects they represent a highly selected group in whom 
the pathological changes in the kidneys excised would be expected to be 
severe and not to represent the generality of those seen in RN. 
However, the significant differences between the kidneys from male 
an female patients represent to an extent the two ends of the spectrum of 
RN described in the introduction. Thus the males, which included a small 
group diagnosed in utero, tended to present at an earlier age and were also 
younger when nephrectomy was performed. The significant contribution of 
renal dysplasia to the overall pathological picture in the majority of male 
patients (63%) reflects the fact that intrauterine maldevelopment is an 
important element of RN in these patients. However, the observation that 
, renal infection and segmental reflux-associated scarring were also present 
I 
in a majority (63% and 57%, respectively), including those seven kidneys 
from boys diagnosed in utero, highlights the additional contribution of 
acquired renal damange, probably initiated by IRR of infected urine. 
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The significance of the Ask-Upmark segmental lesions is less clear. 
They differed from the reflux-associated scars in that papillary flattening 
was not a prominent feature, and in that interstitial inflammation was 
sparse or absent. It is possible that they represent the effects of sterile IRR, 
perhaps occurring in utero, or they may be reflux-related infected lesions in 
which the inflammatory element has dispersed with time. 
The lesions in the six kidneys from female patients appear wholly 
acquired in that dysplastic elements or Ask-Upmark scars were entirely 
lacking. Scarring was segmental in two and diffuse in four. Since those 
with diffuse scarring were older at the time of nephrectomy, it seems 
reasonable to suppose that their more extensive lesions represent the 
gradual extension of initially segmental scarring to involve the whole of the 
I ' ‘ 
parenchyma. Evidence of renal infection was present in all these kidneys. 
The fact that all the patients whose kidneys showed evidence of 
dysplastic maldevelopment, included those diagnosed antenatally, were 
male is in keeping with other studies that indicate a marked male 
preponderance in patients with RN diagnosed early in life, particularly 
those discovered by antenatal ultrasound 65,215,250,272�. 
The reasons for this may well lie in complex events occurring during 
the embryological development of the male lower urinary tract, although in 
our present state of knowledge their nature is highly speculative. It is 
possible that a degree of urinary obstruction may be a normal feature of 
urinary tract development. If one believes that the urachus is patent at 
some stages in embryogenesis, this could act as a decompressive safety 
mechanism, but the effects of transient obstruction could vary considerably 
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depending on its timing in gestation, its degree and its duration. Some 
support for this hypothesis and its possible role in VUR is found in the 
demonstration of increased bladder wall thickness in some infants with 
reflux initially identified as fetal hydronephrosis _ • These infants also 
showed a surprisingly high rate of spontaneous resolution of reflux in their 
first year of life which parallels the similar resolution of reflux in patients 
following surgical relief of overt obstruction caused, for example, by 
posterior urethral valves. In addition, transient lower tract dysfunction in 
the fetus is recognized ultrasonically in fetal medicine units, though rarely 
reported in the literature. This is characterized by a phase in which the 
bladder is large and does not empty, by dilated upper tracts and 
occasionally oligohydramnios, all these signs subsequently reverting to 
normal. It is possible, therefore, that some transient obstructive events 
escape detection, particularly if their duration is brief. Avni et al. (1991) 
have identified some cases at 10-12 week gestation and postulated simple 
angulation of the urethra as a likely cause [206�.Classical posterior urethral 
valves, on the other hand, may not become obstructive until after 19-week 
gestation 1208], In these fetuses, Obstruction is usually permanent but 
spontaneous rupture of the valves can occur in utero (Hecher et al, 1991). 
Other types of urethral pathology, such as Cowper's duct cysts, may 
obstruct bladder outflow for varying times at any stage of gestation 
Since clinical and experimental studies [210, 112�have shown that 
simple upper tract obstruction may cause dysplastic renal development it is 
likely that bladder outflow obstruction and VUR may at least be as 
damaging and result in dysplastic kidneys at birth. The relative 
contributions of primary maldevelopment, transient intrauterine 
obstruction and postnatal infected reflux to the clinical pool of patients 
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with RN has yet to be determined, but the observations made in this study 
strongly support the idea that often, RN especially in males, may have a 
dysplastic origin. 
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Figure 8.1 Medullary dysplasia. Primitive ducts with mantles of 
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Figure 8.2 Cortical dysplasia. Metaplastic cartilage, primitive ducts and 
glomeruli, some partially or globally sclerosed (H & E x 60). 
m 
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Figure 8.4 Ask-Upmark scar. Note the paucity of cortical elements and the 
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Figure 8.5 Chronic inflammation of the renal pelvis with lymphoid 
follicle formation as evidence of renal infection 
(H & E X 36). 
4 
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CHAPTER NINE 
U R E T H R O G R A M S IN MALE R E F L U X I N G 
INFANTS WITH P R E N A T A L L Y D I A G N O S E D 
H Y D R O N E P H R O S I S : 
FURTHER EVIDENCE FOR T R A N S I E N T 
IN-UTERO BLADDER OUTLET O B S T R U C T I O N 
« 
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I s u m m a r y ] ! 
To test the hypothesis that some degree of in-utero bladder outlet 
obstruction may have occurred in a group of male infants with prenatally 
diagnosed VUR, their urethrograms were independently reviewed by a 
consultant paediatric radiologist and a consultant paediatric urologist. Each 
set of urethrograms was assessed for abnormal prominence of bladder neck; 
abnormal dilatation, sacculation, elongation or diaphragm of the posterior 
urethra; and abnormal narrowing of the anterior urethra. For urethrograms 
that were judged to be abnormal, attempts were also made by each observer 
to classify them into: type I - prominent bladder neck with elongated 
posterior urethra and narrow anterior urethra; type II - prominent bladder 
neck, dilated posterior urethra with the presence of a persistent diaphragm; 
and type III - prominent bladder neck with a elongated, sacculated and 
dilated posterior urethra. Of 87 sets of urethrogram available for 
evaluation, 33 (38%) were diagnosed to be abnormal by both observers. Of 
these, 14 were type I, 7 were type II, and 12 were type III urethras. 
Abnormal urethras in general were associated with higher grades of reflux. 
Of 122 refluxing units in the 87 patients, 51 were associated with abnormal 
urethrograms of which 33 (65%) were grades IV or V. In contrast, of 71 
refluxing units associated with normal urethras, only 30 (42%) were grades 
IV or V (p < 0.03). Subsequent urethroscopic examination was performed in 
ten of the infants with abnormal urethrograms and in 7 various anomalies 
including ruptured syringocele (2), Moormann's rings (3), congenital 
obstructive posterior urethral membranes (3), and abnormal scarring of the 
bulbous urethra (1) were found. In one infant multiple obstructing elements 
were detected in the bulbous and posterior urethra. It is concluded that 
subtle urethral abnormalities that might have caused significant outflow 
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obstruction are commonly encountered in male infants with prenatally 
diagnosed VUR. The findings provide strong supportive evidence that a 
transient period of in-utero bladder outlet obstruction may have occurred in 
some male infants and further explain the marked differences in 
characteristics between refluxing infants of the two sexes. 
« 
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I Introduction 
Recent studies on infants with primary VUR detected following an 
antenatal diagnosis of fetal urinary tract dilatation have uniformly revealed 
a marked male preponderance, with a male : female ratio that ranged from 
2:1 to 13:1 [59-64, 172, 173]. These male refluxing infants tend to have gross 
bilateral reflux with dilated ureters and pelvicalyceal systems. Most series 
reported that over 50% of the refluxing units were grades IV and V [59-65, m-
175]. Furthermore, a significant proportion of the male refluxing infants 
have evidence of impaired renal function early in life that show no 
apparent association to postnatally acquired urinary infections [59, 62,173, i76� 
Many of them also have thick-walled bladders [206,218�.it s noteworthy that 
the explanations of all these findings are still unclear. 
The striking differences between the male and female refluxing 
infants, especially the interesting finding that many of the male refluxers 
have thickened bladder walls, have led this author to postulate that some 
degree of transient bladder outflow obstruction may have occurred during 
the embryological development of the male urethra which in turn leads to 
VUR, renal maldevelopment, and increased thickness of the bladder wall 
[218�.This tudy was conducted to test the hypothesis by evaluating the 
urethrograms of a group of prenatally diagnosed male refluxing infants for 
evidences of bladder outflow obstruction. 
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I Materials and Methods | 
The urethrograms of a group of male infants with prenatally 
diagnosed VUR were independently reviewed by a consultant paediatric 
radiologist and a consultant paediatric urologist. Either observer was 
blinded of the clinical history, the severity of reflux and the interpretation 
of the other. Each set of urethrogram was assessed for abnormal 
prominence of bladder neck; abnormal dilatation, sacculation, elongation or 
diaphragm of the posterior urethra; and abnormal narrowing of the anterior 
urethra. For urethrograms that were judged to be abnormal, attempts were 
also made by each observer to classify them into: Type I - prominent 
bladder neck with elongated posterior urethra and narrow anterior urethra; 
Type II - prominent bladder neck, dilated posterior urethra with the ； 
presence of a persistent diaphragm; and Type III - prominent bladder neck 
with a elongated, sacculated and dilated posterior urethra. (Figure 9.1) 
Results from both observers were then tabulated and analysed. 
Interpretations that varied between observers were rejected and only 
findings in consensus with respect to the type of abnormalities were 
accepted. The urethrogram findings were correlated with the severity of 
VUR as shown by the MCU. Subsequent cystourethroscopic examinations in 
eight of the infants and the findings were also correlated with the 
urethrogram subtypes. 
Data analysis were performed using the chi-square test with Yates's 
correction, p values of <0.05 were considered to be of statistical 
significance. 
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II Results 
The urethrograms of a total of 105 male infants with prenatally 
diagnosed VUR were reviewed. Of these, 18 sets of urethrograms could not 
be interpreted and were therefore excluded either because of a poor view of 
the urethra (7) or because a catheter was left in-situ during the examination 
(11). This left the urethrograms of 87 infants with a total of 122 refluxing 
units for evaluation. 
There was a good conformity on the interpretations between the two 
independent observers. Of 87 sets of urethrogram available for evaluation, 
45 were diagnosed to be normal and 33 abnormal by both observers. 
Interpretations differed between the two observers in 9 cases and these 
were excluded from further analysis. Abnormal prominence of the bladder 
neck was a common finding in this group of male refluxing infants and was 
agreed by both observers in 42 cases. Nine of these were associated with an 
otherwise normal looking urethra. Of the 33 abnormal urethrograms, 14 
were judged to be type I (Figure 9.2), 7 were type II (Figure 9.3), and 12 
were type III (Figure 9.4). 
Abnormal urethras in general were associated with higher grades of 
reflux. Of 122 refluxing units in the 87 patients, 51 were associated with 
abnormal urethrograms of which 33 (65%) were grades IV or V. In contrast, 
of 71 refluxing units associated with normal urethras, only 30 (42%) were 
^ grades IV or V (p < 0.03). (Table 9.1) 
Subsequent urethroscopic examination was performed in ten of the 
33 infants with abnormal urethrograms and in 7 various anomalies were 
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detected. These included a ruptured syringocele in the bulbous urethra in a 
boy with a type III urethra (Figure 9.5). It was envisaged that the anterior 
lip of the ruptured syringocele might have caused obstruction to urinary 
outflow by a flap valve mechanism. Two boys (2 type I and 1 type III 
urethras) were found to have a fibrous or membranous stricture 
(Moormann's ring) in the bulbous urethra. (Figure 9.6) In two boys with a 
type II urethra, a membranous fold arising from the posterior urethra just 
distal to the verumontanum with mild ballooning when suprapubic 
pressure was applied was seen. The morphological appearances of the 
membranous fold were compatible with the congenital obstructing posterior 
urethral membranes (COPUM) described by Dewan (1992) [234-236]. in one 
infant with a type III urethra urethroscopy revealed multiple obstructive 
elements in the bulbous and posterior urethra. Starting from distally in the 
bulbous urethra there was a ruptured syringocele with two dilated 
Cowper's gland ducts but no obviously obstructing distal lip. Slightly 
proximal to this was a tough Moormann's ring which would not allow the 
passage of a lOF urethroscope. This was incised by diathermy. Further 
proximally to this, and just distal to the external sphincter, were two thick 
mucosal folds on both lateral sides which were compatible with congenital 
obstructing posterior urethral membrane (COPUM). This latter was also 
fulgurated by electrocautery. In addition, in one infant with a type I urethra 
some abnormal fibrous scarring over the bulbous urethra was observed. 
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I Discussion || 
Embryologically, development of the urethra in the male involves a 
much more complex sequence of events as compared to the female. The 
male urethra is formed by two embryonic components. The prostatic 
urethra up to the level of the ejaculatory ducts is formed by the 
urethrovesical canal which in turn is derived from the primitive urogenital 
sinus. The remainder of the urethra is formed from the urethral plate, 
which is derived from endoderm that penetrates the underside of the 
genital tubercle. Proper fusion of the two components and complete 
dissolution of the urogenital membrane at the junction of the urogenital 
sinus and the genital groove is required to ensure patency of the urethral 
canal. In the female the urethra is derived solely from the urethrovesical 
canal [3i9]. Because of its complexity, it is understandable that embryonic 
development of the urethra in the male is subject to a higher chance of error 
i 
than in the female. 
Recent studies of infants with prenatally diagnosed VUR have 
revealed an interesting male preponderance, which is in contrast to the 
usual female dominance seen in older children with symptomatic reflux [59-
65]. These male refluxing infants tend to have gross bilateral VUR associated 
with renal impairment. A significant proportion of them also have thick-
walled bladders [206, 315�.Furthermore, it has recently been reported by 
Sillen et al (1992) that some of these young refluxing infants have a high 
detrusor pressure during voiding 剛 . These findings suggest that a 
transient period of bladder outflow obstruction may have occurred in-utero. 
Our observation that 38% of the male refluxing infants diagnosed prenatally 
have abnormal urethrograms therefore strongly support this postulation. 
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Over the last two decades, refinement in optical technology and the 
availability of smaller size cystourethroscopes have allowed paediatric 
urologists to visualize the infantile urethra directly with much better 
resolution. This has resulted in the identification of some more subtle 
congenital obstructive anomalies of the male urethra that have hitherto 
been missed by conventional radiological studies. These include cysts of 
the Cowper's gland duct (syringoceles), Cobb's collar or Moormann's ring, 
and congenital obstructing posterior urethral membranes (COPUM) [224-236] 
Abrams et al (1966) have reported previously a Cowper's gland cyst in a 
male infant causing intrauterine bladder outflow obstruction associated 
with bilateral hydronephrosis, diffuse renal damage, bladder muscular 
hypertrophy, severe reflux and early postnatal death 剛 . Follow-up 
studies on infants with prenatally detected hydronephrosis have also 
suggested a possible role of Cowper's gland cyst in causing transient in-
utero outflow obstruction�202�. Dewan et al (1994) have described a 
membranous fold arising from the posterior urethra causing congenital 
urethral obstruction in boys with bulbar urethral narrowing and have 
labelled the entity as COPUM [235, 236]. Our findings that all the seven 
refluxing infants with abnormal urethrograms who had undergone cysto-
urethroscopic examination had various urethral anomalies suggest a close 
association between these congenital urethral obstructive anomalies and 
VUR. 
In conclusion, the results suggest subtle urethral abnormalities that 
might have caused significant intrauterine obstruction are commonly 
encountered in male infants with prenatally diagnosed VUR. Our findings 
therefore provide strong supportive evidence that a transient period of in-
utero bladder outlet obstruction may have occurred in some male infants 
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and further explain the marked differences in characteristics between 
refluxing infants of the two sexes. 
j 
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Table 9.1 Urethral Morphology and Grades of VUR 
Grades of VUR 
Urethral 
Morphology I II III IV V 
Normal 3 17 21 14 16 
i • 
Type I 0 2 4 8 8 
Type II 1 2 1 5 3 
Type III 1 4 3 4 5 
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Figure 9.1 Different types of ure thro graphic appearances in male 
refluxing infants. 
Type I Type II Type III 
：/xy 
Type I - prominent bladder neck with elongated posterior urethra and 
narrow anterior urethra; 
Type II - prominent bladder neck, dilated posterior urethra with the 
presence of a persistent diaphragm; 
Type III - prominent bladder neck with an elongated, sacculated and 
dilated posterior urethra. 
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Figure 9.2 Type I urethra: urethrographic appearance. Note abrupt 
change of urethral calibre at the bulbous urethra. 
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Figure 9.3 Type II urethra: urethrographic appearance. 
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Figure 9.4 Type III urethra: urethrographic appearance. 
Note dilated and sacculated posterior urethra. 
L J 
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Figure 9.5 A ruptured Cowper's gland cyst (syringocele) in the 
bulbous urethra in a boy with a type III urethra. 
(a) view from distal urethra; 
(b) close-up view showing both proximal and distal lips; 
(c) obstructive distal lip hooked up by diathermy loop; 
(d) distal lip fulgurated by electrocautery. 
« 
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Figure 9.6 A tough fibrous fold (Moormann's ring) in the bulbous 
urethra of a boy with a type I urethra. 
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CHAPTER TEN 
U R O D Y N A M I C STUDIES IN CHILDREN 
i 
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10.1 Conventional cystometry in children 
Urodynamics study, or cystometry, has been firmly established as an 
integral part of the routine investigatory workup in adults with various 
lower urinary tract disorders. Similar examinations have also been 
performed in children by many workers [237-264]. The conventional technique 
involves primarily the artificial filling of the bladder, usually through a 
catheter introduced per urethra, with simultaneous measurement of the 
changes in intravesical pressure. Considerable divergence existed however 
in the precise techniques that were used and the variables that were 
measured between different workers in cystometry in children. 
Furthermore, there has been a continuous evolution and changes in the 
technology applied over the last two decades [242, 248, 252, 258, 264-266]. Gierup 
and Ericsson (1969), for instance, used a conversion vessel with 
pneumotachograph and differential pressure transducers [248]. The 
intravesical pressure was measured through a soft teflon catheter 
introduced suprapubically by an injection needle immediately prior to the 
study. The bladder was then filled by slow saline infusion which was 
interrupted every 25 to 50 ml to allow registration of bladder pressure. 
Hanna et al (1981) performed simultaneous recordings of intravesical 
pressure, intra-abdominal pressure, urine flow rate, external urethral 
electromyography and cystourethrography using a 6-channel recorder 
combined with a portable fluoroscopic unit. The infusion and pressure 
recording catheters were inserted suprapubically under general anaesthesia 
24 hours prior to the urodynamic study 剛.G r o s s m a n and Koff (1977), 
however, advocated a technique of cystometric measurements in children 
under nitrous oxide anaesthesia [258] • in addition, there are also differences 
in opinion among different workers regarding the rate of infusion for 
artificial bladder filling in different ages and whether catheters inserted 
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through the urethra can produce some degree of bladder outflow 
obstruction and hence affect pressure measurements. 
Considerable confusion also exist regarding the terminology of 
various urodynamic parameters. While there are internationally recognized 
standardization of terminology regarding lower urinary tract function in 
adults [256, 257】，similar standard classification has not been available in 
children. Various terms including detrusor instability, detrusor-sphincter 
dyssynergia and bladder compliance have used with very different 
implications by different authors in children�260-262,278, 285�. 
Data concerning the normal values in children varied substantially in 
different series [252, 258, 264-266, 2 8 5 � . i n the majority of the reported studies the 
materials were relatively small and the data were often incomplete. 
Furthermore, most of the series comprised patients with known or poorly 
defined lower urinary tract disorders. As a result there is a notable scarcity 
of information and uncertainty regarding the normal range of various 
urodynamic parameters in the paediatric population. Of note, data is 
particularly lacking in the case of infants. 
10.2 Difficulties for conventional cystometry in infants with VUR 
There are cumulating evidences from recent studies indicating the 
importance of bladder dysfunction in relation to the pathophysiology and 
treatment options of primary VUR in older children [45' isi-iss, 321-323�.As a 
result of these findings, it appears that the currently used cystographic 
criteria for VUR are insufficient as guidelines for clinical management. A 
new cystometric classification of VUR is therefore necessary to provide a 
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more physiological evaluation of the lower urinary tract based on 
urodynamically assessed variables [i88,197�.Surprisingly, such a cystometric 
concept has never become popular among paediatric nephrologists and 
urologists. One of the important reasons for this abstruse attitude is a total 
lack of standard normal values of urodynamic parameters in children, 
young infants in particular, as already discussed in Section 10.1. 
Besides the lack of standard values and agreed terminology, 
considerable technical difficulties are encountered when performing 
i 
conventional urodynamic studies in young infants due to poor patient 
cooperation. Infants are notoriously apprehensive about strangers and 
unfamiliar environment. It is understandable therefore that these young 
patients often become distressed the moment they arrive in the urodynamic 
laboratory. The trauma that is associated with the subsequent urethral 
catheterization will naturally invoke violent struggling and thus render 
further investigation totally impossible. Experience of this author indeed 
indicates that the results of a urodynamic study in a distressed child can be 
markedly altered by the environment. A study that was performed in a 
quiet cubicle in the presence of the child's mother could produce very 
different results from one that was performed in the urodynamic laboratory 
crowded with various personnel. 
The infants with VUR poses special problem for the urodynamicists. 
Since the bladder capacities in many of these infants are very small 
compared to adult values, artificial filling by infusion as is routinely 
practised in conventional cystometry can easily lead to overdistension of 
these small bladders. This can result in misinterpretation of intravesical 
pressures and bladder compliance. In addition, the infusion of radiological 
contrast material can in itself induce VUR 抓 67]. Furthermore, the refluxing 
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infants often have very dilated upper urinary tracts which can act as huge 
capacitance reservoirs in direct communication with the bladder. 
Interpretation of bladder function separately from the dilated upper tracts 
is therefore difficult. 
In view of all the technical and theoretical restrictions with the use of 
conventional urodynamic techniques in the investigation of infants with 
VUR, a new cystometric technique which ideally can obviate the artefacts 
inherent to artificial filling will be required. 
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CHAPTER ELEVEN 
NATURAL FILLING C Y S T O M E T R Y IN INFANTS 
AND YOUNG CHILDREN : 
A NEW T E C H N I Q U E 
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I S U M M A R ^ 
Objective: To evaluate a new technique of cystometry under natural 
filling condition in infants and young children. 
Subjects and methods: The study group comprised 37 infants and 
young children (mean age: 4.1 years) with various urological conditions. 
Suprapubic catheters were used in all patients with urethral sensation. 
Natural filling urodynamic (NFU) studies were performed using an 
ambulatory recorder and with an observer present throughout. For 
comparison, 17 of the 37 patients also had slow filling conventional 
cystometry (CMG). 
Results: All NFU studies were successfully completed and the great 
majority of patients were unaffected by the investigation procedures. In 
comparison with conventional cystometry there were significant 
differences. For NFU, there were lower bladder capacity (means: NFU 122 
ml vs CMG 188 ml, p < 0.03); lower pressure rise on filling (means: NFU 5.7 
cm H2O vs CMG 16.1 cm H2O, p < 0.001) and higher maximum detrusor 
pressures during micturition (means: NFU 130 cm H2O vs CMG 78 cm H2O, 
p < 0.01). Voiding efficiency was also slightly greater with NFU compared 
with CMG. Detrusor instability was recorded in five patients only during 
NFU and in two other patients only during CMG . 
Conclusions: A natural filling cystometry method which 
incorporates an unobtrusive recording system is likely to be superior to 
conventional CMG for assessing bladder function in infants and children. 
This is because (i) bladder function is investigated in near to natural 
conditions, (ii) the patients are mostly unaffected by the investigation 
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procedures, (iii) there are significant differences between NFU and CMG in 
the measurements obtained, indicating that CMG may give false indices of 
bladder function. 
M . ’ 
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I Introduction 丨丨 
Prolonged ambulatory monitoring of both the upper [267] and lower 
urinary tracts�268 - 271] have been used successfully in adults. Its application 
to infants and children to allow bladder monitoring during filling from the 
upper urinary tracts (natural filling urodynamics, NFU) may offer special 
benefits. There is now evidence that during conventional artificial filling 
cystometry (CMG), natural bladder behaviour is altered [269, 270, 272]. Recent 
comparative studies in adults have shown that with natural filling 
ambulatory urodynamics, instability occurs more often, capacity is less and 
compliance greater than when recorded during CMG�273, 274]. it is unknown 
how the risk of false values of bladder function, induced by artificial filling 
media and unphysiological filling rates, applies to immature bladders. 
Furthermore, because natural filling requires only a single, small diameter, 
intravesical catheter for pressure recording, unwanted effects arising from a 
relatively large catheter placed in a small bladder and urethra are 
minimised. 
Additional benefits may be expected when using the unobtrusive 
portable data storage devices designed for ambulatory monitoring since 
these allow data acquisition in a familiar environment, minimising 
disruption of the child's activities and the drama of the investigation. 
These factors contribute to a relaxed and co-operative paediatric patient, 
essential for reliable interpretation of bladder function studies, and their 
importance cannot be overstated. 
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This work aimed to prospectively evaluate the suitability of an 
adapted ambulatory bladder monitoring method with natural filling, for 
investigating infants and children with a variety of urological conditions, 
comparing the results from NFU with those from CMG in a group of older 
children. 
|| Patients and Methods || 
Patients 
Thirty-seven infants and young children (28 males; 9 females) aged 
one week to 10.5 years (mean age: 4.1 years ) underwent natural filling 
urodynamics (NFU). Seventeen of these children (aged 2.5 to 10.5 years; 
mean 6.8 years) also had conventional CMG. The study group comprised 
eight with myelomeningoceles and / or neurogenic bladders, nine with 
posterior urethral valves (now resected) or suspected bladder outflow 
obstruction, nine with gross vesicoureteric reflux (VUR), seven with 
recurrent urinary infections despite continuous antibiotic prophylaxis of 
whom 3 also had VUR, and four with bladder/cloacal exstrophy after 
bladder closure but before further reconstruction. 
Catheterisation and Recording Procedures 
Two children with no urethral sensation had a 4F bladder pressure 
catheter (Mediplus, United Kingdom) placed per urethra, all others had 
intravesical catheters inserted suprapubically 24 hours before the 
urodynamics study and whilst the patients were anaesthetized. Suprapubic 
catheters were cystofix (Braun, West Germany) either 5F (for NFU only) or 
lOF with an intraluminal epidural catheter (for CMG + NFU). Following 
suprapubic puncture, full bladder function was restored before 
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urodynamics studies were performed. Conventional CMG was only 
performed after natural filling studies. 
Abdominal pressures were recorded through a 5F vented-balloon tip 
catheter placed in the rectum. The subtracted detrusor pressure was 
displayed as well as intravesical pressure. All studies used water filled 
catheters and external pressure transducers placed level with the pubic 
symphysis. Baseline 'zero' pressures were established by opening the 
transducers to air. Voided volumes were collected in an incontinence pad 
and measured by weight (babies and infants) or were measured using a 
flow meter (older children). The post-micturition residual urine volume 
was measured by draining the bladder after the last void at the end of the 
study. 
Natural Filling Studies 
These were done using a Camsys 6300 ambulatory urodynamic data 
logger ( F.M.Wiest, West Germany ) with a fibre-optic interface (operating 
at 4,800 Baud) linked to an IBM PC notebook computer. Pressure signals 
were sampled continuously at a rate of 10 Hz. All studies were performed, 
for the most part, with continuous on-line display on the notebook 
computer and with an observer in attendance. 
The studies were performed in the patient's cubicle with the infants 
and children relaxed and playing happily or occasionally sleeping (Figure 
1). At times when the patients became unsettled the recorder was detached 
from the notebook computer to allow a true ambulatory recording during 
which the mother could console her child with a short walk. Oral fluid 
intake was encouraged but diuretics were not given. Milk feeding of babies 
was continued as usual. The timing and characteristics of the urinary flow 
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and the relationship with pressure changes, as well as events and activities 
during the study period were noted continuously by the observer. 
Urodynamics recordings were continued for a minimum of three filling and 
voiding cycles or until a reproducible pattern was obtained. 
Conventional Filling Cystometry 
This was performed using a Gaeltec GR700 computerized 
urodynamic system (Gaeltec Research, now Albyn Medical, Scotland). The 
bladder was filled (5 - 10 ml/min) with warmed physiologically normal 
saline. Filling rate and volume were measured with a strain-gauge 
transducer. The patients were encouraged to relax and were entertained, 
usually with stories or computer games. Filling was stopped when there 
was a strong desire to void. 
Analysis 
Pressure recordings from the natural filling urodynamics (Figure 2) 
were analysed after down-loading to a personal computer 
All urodynamics recordings were analysed in conjunction with the 
patient activity documented during the study. Capacity was calculated as 
the voided volume + residual volume with the understanding that this 
related to upper tract volumes when there was VUR or grossly dilated 
ureters (11 patients). The actual capacity was then compared with the 
expected bladder capacity according to age, calculated using the formula: 
Bladder Capacity (mis) = [Age(years) + 2] x 30. [275] 
The pressure rise during filling was measured as the difference in 
pressure before filling (or immediately after the previous void) and that at 
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I end-fill. This latter was noted as that occurring just before micturition but 
i 
avoiding any unstable contractions or pre-micturition activity. Detrusor 
activity during filling was recorded as unstable if the amplitude of 
contractions was over 5 cm H2O. Their frequency was noted and the peak 
amplitude of the pressure rise was used to grade them as mild (rise 5 - 1 5 
cm H2O), moderate (rise 15 - 25 cm H2O) or severe (rise over 25 cm H2O) 
according to Coolsaet and Styles et al [270, 271]. The maximum detrusor 
pressure during micturition was recorded after excluding any 'after 
contraction' when this was obvious. Bladder emptying was defined as 
incomplete if the voiding efficiency [voided volume / (voided volume + 
residual volume )] was less than 0.70. 
The outcome values were expressed as mean 士 1 standard deviation 
of measurements unless otherwise specified and differences between NFU 
and CMG measurements were compared using Students' t-test for paired 
samples. P values of less than 0.05 were considered as statistically 
significant. 
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Results 
Natural Filling Urodynamics 
A mean of 4.1 filling and voiding cycles were monitored for each 
patient and the mean duration of recording was 4 hr 35 min. The results for 
each group of patients are summarized in Table 1. Detrusor instability was 
seen in 22 of the 37 patients. There was a large variation in the maximum 
detrusor pressure during micturition among the different groups. An 
apparently 'dyssynergic' pattern of voiding, characterized by sudden 
interruption of urinary flow synchronized with a sharp increase in detrusor 
pressure of up to 238 cm H2O, was observed in 10 patients. 
Myelomeningoceles / neurogenic bladders (n=8) 
All had very inefficient bladder emptying leaving large residual 
urine volumes (mean 88 ml, SD 81 ml). Two had completely acontractile 
bladders and could pass only small dribbles of urine with crying or 
abdominal straining. Five others had detrusor instability (mild to severe), 
usually associated with urine leakage, even when instability was mild. 
Posterior Urethral Valves/Suspected Bladder Outflow Obstruction 
(PUV/BOO; n=9) 
The group was characterized by high micturition pressures (mean 
Pdetmax 195, SD 72 cm H2O) together with poor bladder emptying 
efficiency in most patients. Five of the nine children showed mild to 
severe detrusor instability. A 16-month-old boy with frequent small voids 
and a bizarre-looking urethra on urethrogram showed marked detrusor 
instability and high detrusor pressures during micturition, up to 354 cm 
H2O. Subsequent cysto-urethroscopy revealed a ruptured syringocele at 
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the bulbous urethra and also prominent lateral mucosal folds just distal to 
the external sphincter. 
VUR (n=9) 
There was no striking abnormal urodynamic feature for this group of 
patients. Micturition pressures (mean Pdet max. 127, SD 49 cm H2O) were 
considerably lower than those with PUV / BOO but higher than those 
occurring in the other groups. Detrusor instability was seen only in the 
minority (four of nine) as was incomplete bladder emptying (three of nine). 
Urinary Infection (n=7) 
Nearly all (six of seven) of these patients had detrusor instability. 
In addition, five had incomplete bladder emptying, two of them showing 
poor detrusor contractility with low, poorly sustained, micturition pressure, 
and large post-micturition residues. 
Exstrophy (n=4) 
All showed poor bladder emptying, had reduced functional capacity 
and 3 also had decreased bladder compliance. Instability was detected in 
two of the four patients. 
Comparison Between Natural Filling Urodynamics and Conventional CMG 
(n=17) 
Comparisons between NFU and CMG in 17 patients showed that for 
the majority of patients there was a good correlation between the two 
studies in the overall urodynamics pattern. There were, however, 
significant differences between the two methods in the values obtained 
(Table 2). These were: (i) bladder capacity, greater during CMG (mean 187, 
SD 94 ml) than during NFU (mean 122, SD 68 ml); (ii) pressure rise during 
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filling, also greater with CMG (mean 16.1, SD 5.9 cm H2O) than with NFU 
(mean 5.7, SD 3.3 cm H2O); (iii) maximum detrusor pressures with 
micturition (Pdetmax), lower during CMG (mean 77.9, SD 26 cm H2O) than 
during NFU studies (mean 130, SD 70 cm H2O). In general, the bladder 
emptying efficiency during conventional CMG was lower than during NFU 
but this did not reach statistical significance. Detrusor instability was 
recorded by both methods in six of 17 patients. In two patients, instability 
was recorded only during CMG whilst in five patients it was recorded only 
during NFU. 
Discussion | 
Conventional cystometry is established as an integral part of the 
management of patients with various types of bladder dysfunction [274, 276-
278]. In children with spina bifida and neurogenic bladders as well as those 
with dysfunctional voiding, bladder instability and urinary infection, the 
CMG contributes significantly to prognosis and therapeutic strategy [279, 280, 
45,281�.A urodynamic assessment is only complete, however, when the CMG 
results are interpreted in conjunction with the patient's own history and 
documentation of symptoms, urinary frequency, and voided volumes. 
These details can be difficult to obtain accurately in children, especially the 
very young who are unable to communicate their sensations or contribute 
information concerning their symptoms or usual bladder activity. In 
addition, the investigation is likely to cause more distress to young children 
than to adults, which affects their co-operation and the interpretation of the 
study. For an accurate representation of the urodynamics usually 
prevailing in a young individual it is particularly important, therefore' that 
the investigation aims to alter neither the behaviour of the urinary tract nor 
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of the patient, so that the usual sensory and functional attributes of the 
lower urinary tract are demonstrated. Sedating or anaesthetizing children 
for cystometry, as has been done, [258] is clearly inappropriate and because 
the conventional CMG imposes limits on the interpretation of usual bladder 
function, particularly in very young children, the present evaluation of a 
natural filling method of cystometry was undertaken. 
Ambulatory bladder monitoring as adapted for use in this study 
allowed investigation of bladder function in near to natural conditions and 
confirmed its advantage for investigating infants and children. The placing 
of catheters suprapubically in all children with urethral sensation, as is the 
general practice in our institution, was an important feature of all the 
studies reported here. In all NFU studies the patients were relaxed and 
quiet for most part of the study. The majority were hardly aware of the 
investigation proceeding and there were no studies which had to be 
abandoned or were difficult to interpret. The parents were also more 
relaxed such that most enjoyed assisting with the investigation and 
documenting events. Using an ambulatory data logger rather than 
conventional recording equipment undoubtedly contributed to the success. 
Besides allowing the patients to move about or occasionally go for a walk 
its unobtrusive size meant that the investigation could proceed in the 
patient's own cubicle with minimal disruption. 
Unlike most other reports of prolonged bladder monitoring, water-
filled catheters and pressure transducers were used in all the investigations 
instead of micro-tip solid transducers [268, 270, m, 282]. Despite this, artefacts 
caused by movement were not a problem. Because most studies were 
conducted with observation of the on-line pressure recordings, artefacts 
were noted as they occurred. Shifts of hydraulic reference level due to 
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postural changes were corrected simply by adjusting the level of the 
transducers. In older children the problem was eliminated by attaching the 
transducers to the child. 
The main disadvantage of prolonged bladder monitoring is that it is 
labour intensive and time-consuming. These objections can be minimized 
by dispensing with on-line recordings and the presence of an experienced 
observer throughout the monitoring period. Both these practices were 
incorporated to advantage in this initial study of NFU in infants and 
children. Subsequent studies in older children have, however, indicated 
that absence of the observer throughout the study does not necessarily 
diminish the quality of the investigation provided that close supervision is 
maintained by the parents and that they can be trusted to accurately collect 
urine volumes and document events. Nevertheless, the majority of babies 
and young infants have much shorter bladder filling and emptying cycles 
than those of older children and adults, so that in most instances the three 
to four voids required for this study could be achieved in 3-4 hours. This 
makes the natural filling method particularly suitable for the very young. 
Furthermore, the additional disadvantage of the ambulatory monitoring 
method, that during micturition detrusor pressures and urine flow rates are 
not synchronized as they are with CMG, is irrelevant in the very young who 
are not yet toilet trained. As well as the practical advantages, NFU studies 
could be more confidently interpreted as being representative of the usual 
parameters of bladder function for individual patients. The overall results 
from 17 patients showed that in comparison with CMG, the NFU study 
measured a smaller capacity, (i.e. voiding occurred after less filling 
volume), less pressure rise with filling, a slightly higher incidence of 
instability, and higher detrusor pressure of micturition. Thus, with NFU 
the bladder displayed greater sensitivity than with CMG. Similar 
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discrepancies in measurements between artificial and natural filling 
methods have been reported in adult studies [272, 273, 274, 283]. in this present 
study bladder capacity (voided volume + residue) measured by NFU was 
64% of that measured by CMG. Likewise, maximum detrusor pressure at 
micturition measured by NFU was 166% of that measured during CMG. 
These overall differences observed in infants and children with a variety of 
urological disorders were almost the same as those observed by Robertson 
et al in a recent study of asymptomatic volunteer adults [273�. 
The very high detrusor pressures of micturition demonstrated by the 
infants in this present study, especially those with bladder outlet 
obstruction (up to 354 cm H2O in one patient) have not been reported 
before with other cystometry techniques. Significantly higher voiding 
pressures observed in adults during natural filling studies 1272, 283] in 
comparison with CMG values have been attributed to the use of 
radiological contrast medium during CMG. This does not account for the 
differences seen in this present study, where warm physiologically normal 
saline was used. Instead, it appears that CMG inhibits the detrusor and 
attenuates its maximum contractile potential. That the detrusor response is 
in some way suppressed during artificial filling may also account for the 
greater capacity and the higher pressure rise with filling shown by CMG in 
this and other studies [272, 273, 274, 2 8 3 � . T h e s e observations of an artefactual 
effect of CMG on bladder capacity and storage parameters may have 
important implications for the diagnosis of low bladder compliance and 
hence the clinical decision for bladder augmentation. 
An inhibition of detrusor activity during CMG may also account for 
the lesser incidence of instability seen during CMG compared with NFU, 
and reported by others�273, 274, 282�. Although this difference was not 
« 
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statistically significant there were five patients who had instability with 
NFU but not with CMG. However, two patients had instability only with 
CMG. Only in these two patients was the bladder capacity less when 
measured with CMG than with NFU. In these two instances it would 
！ . 
appear that CMG stimulated rather than inhibited the detrusor. The 
reasons for the apparent inhibitory effect of CMG on the detrusor, also 
noted by others previously, [273, 274, 282, 283�is unknown. It has been ascribed 
to unphysiological filling rates but it is conceivable that other factors, such 
as pH or solute composition, may also be involved. 
It is irrefutable that natural filling methods of cystometry can be time 
consuming and labour-intensive. Nevertheless, for investigating infants 
and children, these objections are offset by the benefits of examining 
bladder function in near to natural conditions as well as being more 
tolerable for the patients, the parents and, surprisingly, the urodynamicist. 
Using the technique described here, we have established new insights into 
the behaviour of infant bladder function and this will be the subject of a 
further report. 































































































































































































































































































































































































































Table 11.2 Comparison between conventional and natural fill 
urodynamic studies. 
Conventional Fill Natural Fill 
Cystometry Studies p values 
Bladder 187.5 ± 94 121.6 土 68 < 0.03 
Capacity (ml) 
Pressure rise 
with filling 16.1 ± 5.9 5.7 土 3.3 < 0.001 
(cm H2O) 
Pdetmax 77.9 土 26 130.1 ±70 < 0.01 
(cm H2O) 
Emptying 0.60 土 0.18 0.71 士 0.14 0.05 
efficiency 
Detrusor 8 11 0.49 
instability 
I 
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Figure 11.1 A physiological fill urodynamic study in progress. Note 
small-sized urodynamic recorder (black arrow) hidden 
inconspicuously among background of toys. 
• a I 
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Figure. 11.2 Pressure recordings showing unstable contractions 
immediately before spontaneous voiding (v). 
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CHAPTER TWELVE 
BLADDER FUNCTION IN INFANCY : 
NEW INSIGHTS 
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II SUMMARY] 
Objectives - To evaluate normal bladder function and micturition 
patterns in infants. 
Patients, subjects and methods - Twenty-one infants (16 boys, 5 
girls; mean age 5.9 months) with no lower urinary tract pathology 
underwent natural filling cystometry. Micturition patterns were also 
observed simultaneously with polysomnography in 26 healthy neonates (16 
boys, 10 girls; mean age 7.4 days). 
Results - In infants, cystometry showed (95% confidence intervals) a 
capacity of 42 - 53 ml; a maximum rise in detrusor pressure during voiding 
of 95 - 120 cm H2O and a voiding efficiency (voided volume/ capacity) of 
0.86 - 0.91. On micturition, urinary flow was discoordinated from peak 
detrusor pressures in 10 infants. Detrusor instability occurred in one of 21 
infants. Micturition was observed only during wakefulness or on arousal 
from sleep. In neonates, 17 of 61 recorded voids (28%) were during full 
wakefulness and 44 (72%) during arousal from sleep. Of note, none of the 
recorded voids occurred during quiet sleep. 
Conclusions - The normal infant's bladder was stable and emptied 
almost completely. Voiding with incomplete coordination between 
detrusor contraction and urinary sphincter relaxation could be normal. 
Micturition never occurred during quiet sleep. There was cortical arousal 
in response to a full bladder even in new-born infants. This contradicts the 
traditional concept of a totally uninhibited bladder in infancy. There are 
potential implications for the management of children with nocturnal 
enuresis. 
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I Introduction [| 
In humans with mature bladder function, the initiation of micturition 
is controlled by higher neural centres. Continence with a full bladder is 
achieved by voluntary inhibition of the bladder emptying reflex. By 
contrast, young infant's bladders are described as uninhibited and it has 
been assumed that micturition occurs by a simple spinal cord reflex 
I 
activated with no mediation by higher neural centres [284-287�. 
Experimental studies with animals have indicated that post-natal 
development of bladder function is associated with a prominent 
reorganization of pre-existing synaptic connections in the central nervous 
system (neuroplasticity) [288-290�.in human infants, the natural history of 
changes in voiding mechanism, from one that is reflex-mediated to one that 
is largely voluntary, are poorly understood. Delays in the organization of 
cortical pathways and immaturity of the voluntary inhibition of bladder 
emptying have been incriminated in disorders such as nocturnal enuresis 
and detrusor instability. Such long-established concepts are based largely 
on assumption rather than systematic studies [284-287,291-293]. 
The benefits of applying ambulatory bladder monitoring methods to 
infants and children with a variety of urological conditions has been 
described in the last chapter. The method allows a urodynamic 
investigation in near to natural conditions whilst the bladder is filled from 
the upper tracts 1294]. Using this new technique for cystometry on infants 
with and without lower urinary tract pathology some new clues to the 
bladder function in infancy are obtained. As a consequence of the 
observations made during these investigations a further study was 
undertaken to evaluate the pattern of micturition during wakefulness and 
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sleep in normal neonates. This report describes the results from these two 
investigations of normal bladder function, because they contradict some of 
the traditional concepts. 
Patients subjects and methods [| 
For natural filling cystometry, 21 infants (16 boys, 5 girls) aged 
between 3 and 10 months (mean 5.9 months) with normal lower urinary 
tracts who had undergone dismembered pyeloplasties for unilateral pelvi-
ureteric obstruction (17) or nephrectomies for cystic dysplastic kidneys (4) 
were included. During the operation, they had a suprapubic catheter (5F) 
inserted routinely to provide post-operative bladder decompression. With 
ethical permission and the parent's consent this catheter was later used to 
record intravesical pressures during natural filling cystometry. 
For micturition studies with simultaneous polysomnographic 
recordings, 26 full-term neonates (16 boys and 10 girls, aged from 1 to 28 
days; mean 7.4 days) were investigated. The majority were normal new-
born babies in the post-natal ward and the remainder were those awaiting 
hospital discharge after receiving treatment for minor problems such as 
neonatal jaundice or small abscesses. Polysomnographic studies were 
undertaken with the parent's consent and with ethical permission. 
Natural filling cystometry 
In general, cystometry was performed at least three days after 
surgery and after the usual bladder activity was restored. The studies were 
carried out as described previously, using an ambulatory urodynamics data 
logger (F.M.Wiest, West Germany) linked to a portable notebook computer 
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for continuous on-line display of pressure changes 1294]. Water-filled 
catheters and external pressure transducers were used to record intravesical 
pressure and abdominal pressure, the latter being recorded from a vented 
balloon catheter placed in the rectum. Detrusor pressure was derived from 
intravesical pressure after subtraction of abdominal pressure. 
To avoid provoking anxiety, the studies were usually commenced 
with the infants sleeping. When awake, they were cuddled or entertained 
so that they hardly noticed the procedure (Figure 12.1). Milk feeding and 
oral fluid intake were continued as usual. Voided volumes were collected 
by an incontinence pad and weighed. The timing and characteristics of the 
urinary flow, the relationship with pressure changes and activities during 
the study period were noted continuously by an observer. The recordings 
were acquired for a minimum of three voids or until a reproducible 
micturition pattern was obtained. The post-micturition residual urine 
volume was measured by emptying the bladder after the last void. Bladder 
emptying efficiency was calculated as the ratio of voided volume to 
capacity (voided volume + residual volume). 
Micturition patterns with simultaneous polysomnography (PSG) 
The occurrence of micturition was recorded during continuous 
polysomnography (PSG) for 8 hours following a milk feed. The recordings 
were carried out using a Medilog MR-90B 8-channel ambulatory PSG 
recorder (Oxford Instruments, Medical Systems Division, UK). The 
recording channels comprised two electro-oculogram (EOG), two central 
electroencephalogram (EEG), one chin electromyogram (EMG), one 
electrocardiogram (ECG) and one for monitoring respiration. The 
remaining channel was linked to a temperature probe (response time 1.1 
seconds; Yellow Springs Instrument Co., USA) which was placed inside the 
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baby's nappy to detect immediately the passage of urine. An observer was 
present throughout to record any activity or events to augment the analysis 
and interpretation of the recordings, which were analysed from their replay 
using a Medilog 9200 Display Unit. Sleep states were classified as active 
rapid eye movement (REM) sleep, quiet sleep and indeterminate sleep, 
according to Anders and Emde. [295] 
Analysis 
Results are reported as means and 95% confidence intervals (mean 土 
SE X t0.025,df). For polysomnography, only those voidings which occurred 
with the babies initially asleep were analysed. Heart rate and respiration 
rate occurring immediately before micturition were compared with those 
acquired during quiet sleep 5-10 minutes previously and the results 
reported as a percentage change. Differences were tested using the 
Wilcoxon signed rank test for paired samples and p values of < 0.05 were 
regarded as statistically significant. 
[ I Results H 
NATURAL FILLING CYSTOMETRY 
A mean of 4.1 voiding cycles (range: 3 - 1 1 cycles) were monitored 
for each patient during recording periods ranging from 3.3 to 6.8 hours 
(mean 4.6 hours). The results are shown in Table 12.1. 
Detrusor instability was noted in only one of the 21 infants, and this 
was mild ( pressure rise of 5 - 9 cm H2O). Voiding occurred only when the 
infants were awake. During sleep the bladder was totally quiescent and 
even in the one instance where instability was recorded, this only occurred 
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during wakefulness. Sleeping infants were always seen to wake up before 
bladder activity returned and voiding occurred (Figure 12.2). Often the 
arousal period was transient and the infants cried and moved for a brief 
period before micturition and then shortly afterwards went to sleep again. 
Ten of the 21 infants were observed to have an interrupted, 
apparently 'dyssynergic' or dis-coordinated pattern of voiding. This was 
characterized by an abrupt cessation of urinary flow in conjunction with a 
simultaneous sharp increase in the detrusor pressure. Urinary flow 
resumed as the detrusor pressure fell and stopped again with another spike 
of pressure rise (Figure 12.3). 
Micturition in these infants was in general associated with a higher 
maximum rise in detrusor pressure (Pdet max) when compared with normal 
adult cystometric standards (mean Pdet max: 107 cm H2O). Furthermore, the 
16 boys had a significantly higher voiding pressure than the five girls 
(mean Pdet max: 118 and 75cm H2O, respectively, p < 0.03). 
POLYSOMNOGRAPHY 
A total of 61 voidings were recorded in the 26 neonates. Of the 61 
voids, 17 were during a long period of wakefulness and 44 (72%) occurred 
j j 
when the babies were initially asleep. All these 44 voidings were associated 
with a significant change in heart rate, respiration rate and EEG patterns 
immediately before micturition. No voidings occurred with the babies 
remaining in the quiet sleep state. The changes occurring just before 
voiding could be categorized into three patterns (Table 2): 
(I) In 23 of 44 voidings (52%), the infants actively awoke from sleep and 
cried (Figure 12.4). All voidings were associated with a 
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simultaneous increase in heart rate (p < 0.001) and a decrease in 
respiration rate (p < 0.001) immediately before voiding. As noted in 
the natural filling cystometry studies, the arousal periods were often 
transient and the babies usually lapsed back into quiet sleep again 
shortly after micturition. 
(ii) In 15 of 44 voidings (34%), the infants changed from quiet sleep to 
active-REM sleep with simultaneous body and facial movements. As 
in (i), this was always associated with an increase in heart rate (p < 
0.001) and a decrease in respiration rate (p < 0.001). 
I 
(iii) In 6 of 44 voidings (14%), the infants changed from quiet sleep to 
indeterminate sleep with no obvious body movement throughout 
micturition. This was, however, always associated with a significant 
increase in heart rate (p < 0.03) and an increase in respiration rate 
(p < 0.02). 
I Discussion [| 
The natural filling cystometry methods used in this study of infant 
bladder function allowed urodynamics investigations in conditions close to 
those occurring naturally. The infants, for the most part, were quiet and 
relaxed. The bladder was filled normally from the upper tracts and because 
the intravesical catheter was suprapubic, rather than urethral, there were no 
possible artefacts associated with an obstruction to urine outflow. 
Although these infants had recently (within 3 to 4 days) had upper urinary 
tract surgery, at the time of study they had apparently normal bladder 
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function and they provided a rare opportunity to evaluate this by 
cystometry. No other similar studies have been previously described. 
The cystometry studies provided the unexpected finding that 
sleeping infants woke up before micturition. The results from the 
polysomnographic recordings showed that in sleeping new-borns there was 
clear evidence of cortical arousal in response to bladder distension. These 
observations challenge the traditional belief that human infants have 
bladders which empty automatically by a simple spinal reflex. The concept 
that infants are born with uninhibited bladders therefore needs to be 
reconsidered. 
The observation that infants wake-up before micturating is not new. 
In many African cultures, where babies are not wrapped in nappies and are 
usually carried on their mothers' backs, it has long been known that the 
babies will wake up or wriggle the body before they urinate. This 
phenomenon of arousal associated with a distended bladder has been 
observed in most other animal species. Most strikingly, it appears that even 
hibernating mammals have to wake-up briefly from dormancy, at least 
every few weeks during hibernation, to urinate before they return to the 
torpid state�296, 2 9 7 � . A s this wakening response to bladder distension is 
already well established in human new-borns, it implies that the control of 
micturition, even in infancy, probably involves more complicated neural 
pathways than has hitherto been appreciated. 
Recent reports have revealed that bladder distension in rats and cats 
activates locus coeruleus neurones in the brainstem which release 
noradrenaline�298,299�.Pertinently, the locus coeruleus is thought to play an 
important role in the initiation of cortical arousal to a variety of other 
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stimuli. In addition, noradrenergic pathways in the brainstem to the 
hypothalamus are known to regulate antidiuretic hormone (ADH) secretion. 
Maldevelopment or dysfunction of the locus coeruleus and the 
noradrenergic pathways may therefore account for difficulties in waking as 
well as the large night-time urine volume in children with nocturnal 
enuresis [3oo' 301]• Our observations indicate that the neural pathways 
j 
controlling the wakening response to a full bladder are already quite well 
formed in most new-born infants. It is logical, therefore, to postulate that 
in at least a significant proportion of enuretic children, bed-wetting may be 
due to a secondary event on these pathways rather than a primary delay in 
maturation of bladder control. 
Detrusor instability was observed in only one of the 21 infants 
during cystometry, indicating that this is not common in normal bladder 
function in infants. It is incorrect, therefore, to describe the normal infant's 
bladder as unstable [286, 291]. More frequent instability has been noted in 
normal adults (six of 16; 38%) investigated by similar natural filling 
cystometry 剛 . T h i s compares with our frequent observations of detrusor 
instability, sometimes occurring at pressures of 25 cm H2O or more, in 
infants with known lower tract pathology [294]. Instability in these infants, 
as observed in one infant in the present study, occurred only during 
wakefulness and disappeared during sleep. This lend further support to 
our hypothesis that the behaviour of the infant bladder is under higher 
control. Instead of being an inherent problem of the detrusor muscle, 
disinhibition from higher centres in the central nervous system probably 
has an important role in the production of detrusor instability. 
The rise in detrusor pressure with micturition (Pdet max) found in 
the present study was considerably greater than that which occurs in 
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human adults investigated by natural filling cystometry 1273]. The high 
pressure observed and the difference between adults and infants are 
difficult to explain. It is unknown whether the infant's urethra, especially 
in males, imposes a greater resistance to urine outflow than does the 
adult's urethra. 
In conclusion, our findings suggest that the control of bladder 
function in human infants probably involves a complex integration of 
neural pathways at both peripheral and central levels. It appears that most 
of these pathways are already quite well-formed in infancy. The 
development of voluntary control therefore probably represents only a 
modulation of pre-existing reflexes. Most importantly, our current 
concepts and management strategies of conditions like primary nocturnal 
enuresis and detrusor instability in children may need to be modified to 
take account of the influence of higher neural centres. 
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Table 12.1 Results from natural filling cystometry in 21 infants without 
lower urinary tract pathology. 
Bladder Pressure Rise Pdetmax^ Emptying^ 
Capacity with Filling (cm H2O) Efficiency 
(ml) (cm H2O) 
Mean (n=21) 48 6 107 0.88 
950/0 CI* 42 - 53 5 - 7 95 - 120 0.86 - 0.91 
*95% confidence interval = mean +/- SE x 2.145 
1 Maximum rise in detrusor pressure with micturition 
^Voided volume/(voided volume + residual volume) 
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Table 12.2 Polysomnography in neonates. Results from 44 voidings 
occurring with the babies initially asleep. Percentage changes 
(95% confidence intervals; mean +/- SE x t o.025,df) in heart 
rate and respiration rate occurring just before micturition 
compared with that in quiet sleep 5-10 min. previously. 
Change from quiet sleep 
to awake to active-REM to indeterminate 
sleep 
Voidings (n) 23 15 6 
% of total voids 52% 34% 14% 
(n=44) 
% Change in t l 7 % to 25% t l 3 % to 23% t8% to 22% 
heart rate 
% Change in >l40% to 48% ^^ 26% to 38% 个2o/o to 48% 
respiration rate 
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Figure 12.1 A urodynamic laboratory specially designed for infants and young 
children. Note one-way mirror at the right hand side of the figure 
which allows continuous observation of infant activities by the 
urodynamicist with minimal disturbance to the child. 
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Figure 12.2 Pressure recordings during natural filling cystometry showing 
micturition (v) occurring shortly after the infant woke up (w). 
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Figure 12.3 An interrupted, 'dyssynergic' pattern of voiding. Urinary flow 
started at points indicated by the arrows and stopped abruptly 
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Figure 12.4 Polysomnographic study showing the changes in EEG, EOG, 
ECG and respiration rate as the infant woke up (arrow) and 
cried. Voiding (indicated by the temperature rise) followed 
shortly afterwards. 
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CHAPTER THIRTEEN 
NATURAL FILLING URODYNAMIC STUDIES 
IN YOUNG INFANTS WITH PRIMARY 
VESICOURETERIC REFLUX 
•i. 




Objectives - To evaluate the bladder function of young infants with 
primary VUR. 
Materials and Methods - Prolonged urodynamic studies with natural 
filling technique were undertaken in 31 infants (27 boys) with severe (grade 
III or higher) reflux. The mean age at the time of the study was 5.9 months 
(range 3 - 8 months). Natural filling cystometry was also performed in a 
'control' group of 21 age-matched infants with normal lower urinary tracts 
for comparison. The studies were performed using a Wiest Camsys 6300 10 
Hz ambulatory urodynamic recorder. Suprapubic catheters inserted under 
general anaesthesia were used for pressure monitoring in all infants and 
were left in-situ for at least 24 hours prior to the start of the studies. A 
minimum of three voiding cycles were monitored for each patient. 
Results - Comparing with the control group of infants, most of the 
refluxing infants were found to have abnormal bladder functions and the 
results from their prolonged urodynamic studies could be categorized into 6 
different patterns: (1) Normal / Hypercontractile : 8 infants ( 2 6 % ) -
significantly higher maximum detrusor pressures during micturition than 
control, with no significant detrusor instability, good uninterrupted urinary 
flow and complete (>70%) bladder emptying; (2) Immature / 
Hypercontractile : 5 infants (16%) - same as (1) except with significant 
� interruption of urinary flow; (3) Dyssynergic : 8 infants (26%) - significant 
interruption of urinary flow synchronous with spikes of intravesical 
pressure elevation and frequently incomplete (<70%) bladder emptying; (4) 
Unstable : 6 infants (19%) - marked detrusor instability associated with 
small voided volumes and poor bladder emptying; (5) Inadequate : 3 
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infants (10%) - poor and unsustained detrusor contractions associated with 
small voided volumes and large post-micturition residue; (6) Obstructive : 
1 infant (3%) - extremely high voiding pressures associated with small 
dribbles and poor bladder emptying. Significant detrusor instability was 
observed in 10 patients. In addition, bladder emptying was markedly 
impaired in 17 patients. 
Conclusions - Various patterns of bladder dysfunction are not 
uncommon among young infants with 'primary' VUR. Furthermore, the 
voiding pressures in many of these young refluxing patients are 
significantly higher than normal controls, lending support to the hypothesis 
that some degree of bladder outflow obstruction may have been present. 
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Introduction [| 
Primary vesicoureteric reflux (VUR) is a common urological disorder 
in children. It is generally agreed that the condition is typically found in 
females usually after the first year who present with symptomatic urinary 
infections [25, 54-58]. The advent of prenatal ultrasonography during the past 
two decades has however introduced a new population of asymptomatic 
infants with VUR detected following a prenatal diagnosis of fetal urinary 
tract dilatation�61-65�.This particular group of refluxing infants diagnosed 
antenatally is characterized by a marked male preponderance and high 
grade reflux which tend to resolve spontaneously during the first one to 
two years of life. In addition, many of these young male infants have 
evidence of renal function impairment on radionuclide imaging studies in 
the absence of prior exposure to urinary infection [6i-65, 172-175]. The 
remarkable differences between male and female refluxers have led to the 
hypothesis that a period of transient in-utero bladder outflow obstruction 
may have occurred during the complex embryological development of the 
male urethra which, in turn, may lead to VUR and renal maldevelopment. 
Whether this hypothetical in-utero bladder outlet obstruction can be 
reflected by abnormal bladder function in early infancy, particularly in the 
males, forms the main objective of this present study. 
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Thirty-one infants (28 boys : 3 girls) with grade III or higher VUR 
were studied at a mean age of 5.9 months (range 3 - 8 months). Of these, 27 
(24 boys) were diagnosed following a prenatal detection of hydronephrosis 
and the remaining 4 infants (3 boys) presented with symptomatic urinary 
infections. In addition, 21 age-matched infants (16 boys, 5 girls) aged 
between 3 and 10 months (mean 5.9 months) with normal lower urinary 
tracts who had undergone either dismembered pyeloplasties for unilateral 
pelvi-ureteric junction obstruction (17) or nephrectomies for cystic 
dysplastic kidneys (4) were recruited as 'controls'. During the operation, 
they had a suprapubic catheter (5F) inserted routinely to provide post-
operative bladder decompression. With ethical permission and the parent's 
consent this catheter was later used to record intravesical pressures during 
natural filling cystometry. 
Natural filling cystometry 
The natural filling urodynamic studies were performed as described 
previously in Chapters 11 and 12, using a Camsys 6300 ambulatory 
urodynamics data logger (F.M.Wiest, West Germany) linked to a portable 
notebook computer for continuous on-line display of pressure changes [294]. 
Suprapubic catheters (5F) inserted under general anaesthesia at least 24 
hours prior to the studies were used for intravesical pressure recording in 
all infants. Water-filled catheters and external pressure transducers were 
used to record intravesical pressure and abdominal pressure, the latter 
being recorded from a vented balloon catheter placed in the rectum. 
Detrusor pressure was derived from intravesical pressure after subtraction 
of abdominal pressure. 
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Most of the studies were performed in the patient's own cubicle with 
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the infants either sleeping or were cuddled and entertained by their 
mothers so that they hardly noticed the investigation. Milk feeding and 
oral intake were continued as usual. Voided volumes were collected by an 
incontinence pad and weighed. The timing and characteristics of the 
urinary flow, the relationship with pressure changes and activities during 
the study period were noted continuously by an observer. The recordings 
were acquired for a minimum of three filling and voiding cycles or until a 
reproducible micturition pattern was obtained. Detrusor activity during 
filling was recorded as unstable if the amplitude of contractions was over 5 
cm H2O. Their frequency was noted and the peak amplitude of the 
pressure rise was used to grade them as mild (rise 5 - 1 5 cm H2O), moderate 
(rise 15 - 25 cm H2O) or severe (rise over 25 cm H2O) according to Coolsaet 
and Styles et al. [270, 271] The post-micturition residual urine volume was 
measured by emptying the bladder after the last void. Bladder emptying 
efficiency was calculated as the ratio of voided volume to capacity (voided 
volume + residual volume). Bladder emptying was defined as incomplete if 
the emptying efficiency was less than 0.70. 
Analysis 
Results from the natural filling urodynamic studies of the refluxing 
infants were analysed as previously described and compared with those of 
the normal 'control' infants with respect to the presence or absence of 
detrusor instability, pattern of detrusor contraction during micturition, 
urinary flow, maximum voiding pressures (Pdetmax), voided volumes, 
post-micturition residues and emptying efficiency. The outcome values 
were expressed as mean 土 1 standard deviation of measurements unless 
otherwise specified. Differences between the normal and refluxing infants 
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were tested using the Wilcoxon signed rank test and p values of < 0.05 
were regarded as statistically significant. Different urodynamic patterns 
that were distinct from the normal infants were then derived. 
Results 
Findings from the natural filling urodynamic studies of a significant 
proportion of the refluxing infants deviate from the normal controls with 
respect to voiding pressures, detrusor instability and bladder emptying 
efficiency. In view of the significant difference in voiding pressures 
between normal male and female infants, as described in Chapter 12, and 
the very small number of female refluxing infants available in this series, 
voiding pressures of only male infants are compared and tested statistically. 
(Table 13.1) After analysis and comparison with the normal control infants, 
6 different bladder function patterns emerged from the natural filling 
urodynamic studies of the refluxing infants. (Table 13.2) 
(1) Normal / Hypercontractile : 8 infants (26%) 
-Although there are individual overlap, as a group these infants 
have significantly higher maximum detrusor pressures during micturition 
as compared to the normal controls (mean Pdetmax: 156 cm H20 vs 118 cm 
H20 respectively, p<0.05). Micturition is characterized by a good 
uninterrupted urinary flow, no significant detrusor instability, and 
complete (>70%) bladder emptying. (Figure 13.1) 
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(2) Immature /Hypercontractile : 5 infants (16%) 
- S a m e as (1) except with significant interruption of urinary flow 
which was associated with moments of sudden intravesical pressure 
increase (Figure 13.2). Occasionally urinary flow stopped completely for 1-2 
minutes before resumption and voiding then continued to completion. 
Bladder emptying was complete (>70%) and the mean emptying efficiency 
was 0.86. 
(3) Dyssynergic : 8 infants (26%) 
- Micturition in this group of infants was characterized by 
significant interruption of urinary flow which was synchronous with spikes 
of marked elevation of intravesical pressure (Figure 13.3). As in (2), 
urinary flow occasionally stopped completely for a few minutes before 
resuming again and micturition occurred as a series of small, interrupted 
squirts in quick succession. Unlike the immature bladders, however, there 
was frequently incomplete {<70%) bladder emptying. The mean emptying 
efficiency was 0.57. 
(4) Unstable : 6 infants (19%) 
- A l l the infants in this category had marked detrusor instability 
with frequent unstable contractions during the filling phase. Furthermore, 
all had very poor bladder emptying, with a mean bladder emptying 
efficiency of 0.32 (range: 0.11-0.57). (Figure 13.4) 
(5) Inadequate : 3 infants (10%) 
- T h e urodynamic findings of this group of refluxing infants is 
characterized by poor, unsustained, low pressure detrusor contractions 
which are associated with small voided volumes and large post-micturition 
residue (Figure 13.4). Unlike most of the other infants with VUR the voiding 
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pressures are lower than the normal controls (mean Pdetmax: 84 cm H2O vs 
118 cm H2O respectively). Interestingly, the urodynamic findings in 2 of 
these 3 infants improved dramatically towards that of a normal pattern, 
with much better detrusor contractions and bladder emptying, immediately 
after the bladders were completely drained during the examination. In both 
patients, however, the detrusor contractions and bladder emptying 
progressively worsened with each subsequent voiding and gradually 
returned to the initial pattern after 3 to 4 voiding cycles. 
(6) Obstructive : 1 infant (3%) 
- V o i d i n g pattern in this infant was characterized by frequent 
micturition with extremely high detrusor pressures up to 294 cm H2O. This 
was associated with the passage of only small dribbles which resulted in 
very poor bladder emptying (Figure 13.5). Subsequent cystourethroscopic 
examination in this patient revealed some apparently non-obstructive 
convoluted membranous folds at the level of the bulbous urethra which 
were compatible with Moormann's rings. 
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Unstable detrusor contractions were observed in 10 patients. Of 
these, 2 had only mild instability. This included 1 infant with a normal / 
hypercontractile bladder. All the 6 infants with unstable bladder had 
moderate or severe instability. Incomplete bladder emptying was a common 
finding and was observed in 17 patients, which included most of the infants 
with unstable or inadequate bladders. (Table 2) 
I Discussion || 
Primary VUR has been widely accepted as a congenital disorder 
caused by maldevelopment and hence incompetence of the ureterovesical 
junction [22,36,42]. a cystographic classification of VUR, which depends on 
static images obtained by the conventional MCU, has been used as a gold 
standard for the grading of severity and hence planning of management. 
Traditional management strategy, either by surgical or medical means, is 
designed to restore the antireflux valvular mechanism. This can be 
achieved by surgical intervention through various antireflux procedures or 
by expectant treatment which depends on the natural tendency for the 
intramural ureter to grow and lengthen with age. Either treatment 
modality, however, has assumed an absence of underlying pathologic 
factors the most important of which is bladder dysfunction. 
Over the last decade there are cumulating evidences in older children 
that there is an association between VUR and various types of bladder 
dysfunction like detrusor instability and sphincter dyssynergia [45, m-iss, 321-
323]. Nielsen et al (1984) examined 41 patients (median age 20 years) with 
VUR using conventional cystometry and reported a 90% incidence of 
abnormal urodynamic findings, which included unstable contraction, 
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obstructive flow pattern, sphincter dyssynergia, residual urine and 
prominent after-contractions [i78]. Griffiths and Scholtmeijer (1987) 
described two different types of reflux/bladder dysfunction complexes in 
children 2 to 15 years old with primary VUR. One type included bladder 
instability with strong voiding detrusor contractions which was usually 
associated with unilateral reflux and a normal upper urinary tract. In the 
other type there was poor detrusor contraction but overactivity of the 
urethral closure mechanism. This was usually associated with bilateral 
reflux and reflux nephropathy [321] • Koff et al (1983) reported a high 
incidence of voluntary sphincter constriction (dysynnergia) and uninhibited 
bladder contractions in a group of neurologically normal children, 91% of 
which were girls, who were found to have VUR. Treatment with 
anticholinergic drugs in this group of children to ameliorate the uninhibited 
contractions resulted in a significant reduction in the incidence of recurrent 
urinary infections and an increase in the rate of reflux resolution compared 
to controls [45�.Similarly, Homsy et al (1985) reviewed 40 children (38 girls) 
with VUR and hyperreflexic bladders who were treated with oxybutynin. 
Reflux disappeared or significantly improved in 62.3% of the ureters 剛 . 
These findings suggest that bladder dysfunction, notably uninhibited 
contractions and sphincter dyssynergia, may be a significant contributing 
factor in the initiation and perpetuation of VUR in older children. 
Although the association between bladder dysfunction and VUR in 
older children has been reasonably well documented, whether such an 
association also exist in infants with reflux is completely unclear. Findings 
that a significant proportion of the prenatally diagnosed refluxing infants, 
who are predominantly males, have thickened bladder walls have raised the 
suspicion that a period of transient obstruction may have occurred in-utero. 
(Chapter 7) Similar postulation has been made by Avni et al (1992) who 
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reported on 3 male infants with gross reflux who on fetal ultrasound were 
found to have bladder distension 剛 . T h e hypothesis is further supported 
by an anecdotal report by Sillen et al (1992). These authors performed 
conventional cystometry in 18 consecutive infants (16 boys) with gross 
bilateral reflux and found pronounced detrusor hypercontractility in all but 
one [204�. 
The finding in this study that the majority of the refluxing infants, 
except those with unstable or inadequate bladders, have significantly 
higher voiding pressures than normal control male infants provide very 
strong evidence that the as yet hypothetical in-utero bladder outflow 
obstruction probably exists. This occurs even in the group of infants with 
normal / hypercontractile bladders in which high detrusor pressures 
during micturition is the only abnormal finding. It is noteworthy however 
that although as a group the refluxing infants have significantly higher 
detrusor pressures, there is a significant overlap of voiding pressures 
between individual refluxing infants and the normal control infants. The 
maximum voiding pressure of an individual refluxing infant can be within 
the normal range. One can postulate that in such infants reflux occurs as a 
result of a marginal incompetence of the ureterovesical junction, which has 
a lower threshold for allowing VUR 剛.A l t e r n a t i v e l y , such refluxing 
ureters may represent the sequelae of a bona fide congenital 
maldevelopment of the ureterovesical junction, as depicted by the 
traditional 'ureteric bud' theory [36,42]. 
Detrusor instability and incomplete bladder emptying are both 
common abnormal urodynamic findings in this series of young infants with 
gross VUR. It is important to note that both types of bladder dysfunction 
can produce a degree of functional obstruction to the upper tract and can 
4 
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also predispose to urinary infections. It is possible therefore that such 
bladder dysfunctions may play a significant role in the predisposition of 
recurrent urinary tract infection and progressive renal damage in infants 
with gross VUR. 
In 2 of the 3 infants with an inadequate bladders, the low pressure, 
unsustained detrusor contractions and poor bladder emptying observed at 
the start of the studies changed dramatically towards that of a normal 
pattern immediately after the bladders were completely drained during the 
examination. These bladders therefore behave like a decompensated system 
with a persistently large residue, which may result in chronic obstruction to 
urine drainage from the upper tract and renal impairment. Artificial 
emptying of the bladder during the urodynamic studies helped to restore 
some of the detrusor function and an improved functional pattern was 
observed. It is arguable therefore that the treatment of choice for refluxing 
infants with such an inadequate system should be periodic bladder 
emptying by intermittent catheterization rather than various antireflux 
procedures, as has hitherto been done. 
In conclusion, findings from this study confirms that various 
patterns of bladder dysfunction are not uncommon among young infants 
with 'primary' VUR. The voiding pressures in many of these young 
refluxing patients, the majority of which are males, are significantly higher 
than normal controls, lending support to the hypothesis that some degree of 
bladder outflow obstruction may have been present. Furthermore, the 
results indicate that the bladder functional status may have an important 
bearing on the treatment options and ultimate prognosis. It is indeed 
possible that bladder dysfunction may be an important contributing factor 
in the initiation and perpetuation of VUR and reflux nephropathy. A more 
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complete physiological evaluation and proper stratification of infants with 
gross reflux into different subgroups based on their urodynamic findings 
should therefore form an integral part of the overall management of infants 
with VUR. 
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Table 13.1 Maximum voiding pressures (Pdetmax) of normal control 
male and refluxing male infants. 
Urodynamic Pattern Pdetmax Mean Pdetmax p value 
(cm H2O) (cm H2O) 
Control (n = 16) 88 - 154 118 土 20 -
Normal/Hypercontractile 98 - 228 156 土 53 < 0.05 
(n = 6) 
Immature/Hypercontracti 146 - 196 168 土 19 < 0.05 
le (n = 5) 
Dyssynergic (n = 7) 144 - 238 181 士 30 < 0.02 
Unstable (n = 4) 82 - 218 140 士 59 0.17 
Inadequate (n = 3) 7 8 - 8 8 84 土 6 0.11 
Obstructive (n = 1) 294 - -
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Table 13.2 Bladder capacity, detrusor instability and emptying 
efficiency of normal control and refluxing infants. 
Urodynamic Bladder Detrusor instability Emptying 
Pattern capacity Moderate/ efficiency 
(ml) Mild Severe 
Control (n = 21) 48 士 12 1 0 0.88 土 0.06 
Normal / 31 士 8 1 0 0.84 士 0.07 
Hypercontractile 
(n = 8) 
Immature / 44 土 35 0 0 0.86 土 0.07 
Hypercontractile 
(n = 5) 
Dyssynergic 44 土 29 1 1 0.57 土 0.18 
(n = 8) 
Unstable 38 土 15 0 6 0.32 土 0.2 
(n = 6) 
Inadequate 60 土 23 0 0 0.35 土 0.23 
(n = 3) 
Obstructive 63 0 1 0.35 
(n = 1) 
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Figure 13.1 Normal / hypercontractile urodynamic pattern. A 
period of low pressure detrusor contraction (c) 
preceded a more formal contraction associated with 
onset of urinary flow (arrow). 
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Figure 13.2 Immature / hypercontractile urodynamic pattern. Urinary 
flow (arrows) was interrupted during periods of sudden 
elevation of detrusor pressure. 
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Figure 13.3 Dyssynergic urodynamic pattern. Significant interruption 
of urinary flow (arrows) associated with spikes of 
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Figure 13.4 Unstable urodynamic pattern. Very frequent high 
pressure unstable bladder contractions associated with 
occasional leakage of urine (arrows). 
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Figure 13.5 Inadequate urodynamic pattern. Unsustained, low 
pressure detrusor contractions associated with passage 
of small dribbles of urine (arrows) and large residue. 
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Figure 13.6 Obstructive urodynamic pattern. Note frequent voiding 
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CHAPTER FOURTEEN 
PRIMARY V E S I C O U R E T E R I C REFLUX 
IN EARLY INFANCY: 
R E L A T I O N S H I P BETWEEN BLADDER 
F U N C T I O N A L STATUS AND OUTCOME 
OF REFLUX IN THE SECOND YEAR OF LIFE 
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Objectives - To correlate the bladder functional status in a group of 
refluxing infants with the clinical outcome of reflux during the second year 
of life. 
Materials and Methods - Fifty-one patients (41 boys, 10 girls) with 
significant primary VUR (Grade III or higher) diagnosed before 6 months of 
age were treated conservatively with prophylactic antibiotics and studied at 
around 15 months with prolonged natural filling cystometry. For 
comparison, natural filling cystometry was also performed in a 'control' 
group of 10 age-matched infants with normal lower urinary tracts. 
Suprapubic catheters inserted under general anaesthesia at least 24 hours 
prior to the start of the studies were used for pressure monitoring in all 
patients. 
Results - Comparing with the normal 'control' infants, findings from 
the natural filling urodynamic studies in the refluxing infants could be 
categorized into 6 different patterns. (1) Normal : 17 infants (33%) - no 
significant detrusor instability, good uninterrupted urinary stream and 
complete (>70%) emptying. (2) Normal/Immature : 5 infants (10%) - no 
significant detrusor instability, interrupted stream but complete (>70%) 
emptying. (3) Dyssynergic : 3 infants (6%) - significant interruption of 
urinary flow associated with spikes of detrusor pressure elevation and 
frequently incomplete (<70 %) bladder emptying. (4) Unstable/Hyperactive : 
12 infants (24%) - marked detrusor instability associated with small voids 
and poor bladder emptying. (5) Inadequate : 12 infants (24%) - unsustained 
and low pressure detrusor contractions often associated with small dribbles 
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and large residue. (6) Obstructive : 2 infant (4%) - very high pressure 
voiding associated with poor bladder emptying. 
VUR persisted in 28 patients (25 boys : 3 girls). There was a 
significant relationship between persistence of reflux and bladder 
dysfunction, especially with detrusor instability and incomplete emptying. 
Of 35 refluxing units (22 infants) associated with either normal or normal/ 
immature bladders, reflux resolved spontaneously in 32 units (91%). In 
contrast, of 51 refluxing units (29 infants) associated with either 
dyssynergic, unstable, inadequate or obstructive bladders, reflux 
disappeared in only 9 units (p < 0.001). 
Of the 51 infants undergoing natural filling cystometry at 15 months, 
21 also had early studies at around 6 months of age for comparison. Of 
these, 8 infants had abnormal bladder function demonstrated by both 
studies, and reflux persisted in all of them. In contrast, VUR resolved 
spontaneously in all of the 8 infants who had normal urodynamics at both 6 
and 15 months. 
Conclusions - There is a strong correlation between the bladder 
functional status and the early outcome of reflux. A careful urodynamic 
assessment should therefore form part of the routines in the initial 
management of infants with 'primary' VUR. 
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I Introduction || 
Primary VUR has generally been regarded by most paediatricians as 
due to a congenital maldevelopment and incompetence of the ureterovesical 
junction [22,36,42] Traditional management strategy, either by surgical or 
medical means, is designed to restore the antireflux valvular mechanism 
with the assumption that there is an absence of underlying pathologic 
factors that may contribute to the causation or perpetuation of reflux. Over 
the last decade however there has been an increasing volume of evidence 
that the condition is associated with various types of bladder dysfunction 
[45, 179-184' 321-323�. Successful treatment of the underlying bladder 
dysfunctions, notably detrusor instability, has resulted in a significant 
improvement in the severity of reflux and has also decreased the incidence 
of associated breakthrough urinary infections[45' i82]. it appears therefore 
that the presence of bladder dysfunction, at least in older children, can 
affect the treatment options as well as the clinical outcome of VUR. 
Whether similar patterns of bladder dysfunction exist in infants with 
primary VUR remains largely unknown. Theoretically, the occurrence of 
VUR in early infancy should signify more of a bona fide congenital defect of 
the ureterovesical junction. However, results from recent natural filling 
urodynamic studies of young refluxing infants by this author have revealed 
interestingly that abnormal bladder function is not uncommon among such 
young patients. It is possible that the bladder dysfunction may actually be 
an important factor in the initiation and perpetuation of reflux. The aim of 
this study is to test this postulation by correlating bladder function with the 
clinical outcome of VUR in refluxing infants during the second year of life. 
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� P a t i e n t s and Methods |[ 
Patients 
Fifty-one patients (41 boys : 10 girls; 86 refluxing units) with 
significant primary VUR (Grade III or higher) diagnosed before 6 months of 
age were treated conservatively with prophylactic antibiotics and regularly 
followed-up. Of these, 21 already had early urodynamic studies at around 
6 months of age. The patients were studied at a mean age of 15.9 months 
(range 13 - 20 months) with prolonged natural filling cystometry. For 
comparison, 10 age-matched infants (8 boys, 2 girls) at 10 to 21 months 
(mean 16.2 months) with normal lower urinary tracts were recruited as 
'controls'. Of the 10 'control' infants, 7 had undergone dismembered 
pyeloplasties for unilateral pelvi-ureteric junction obstruction and 3 had 
nephrectomies for cystic dysplastic kidneys. During the operation, they 
had a 5F suprapubic catheter inserted routinely to provide post-operative 
bladder decompression. With ethical permission and the parent's consent 
the catheter was subsequently used for recording intravesical pressures 
during natural filling cystometry. Suprapubic catheters in the refluxing 
infants were inserted under general anaesthesia at least 24 hours prior to 
the start of the studies. 
Immediately following the urodynamic studies, all refluxing infants 
had a direct isotope cystogram performed by conventional filling via the 
suprapubic catheter to evaluate the outcome of reflux. 
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Natural filling cystometry 
The natural filling urodynamic studies were performed as described 
previously in Chapters 11 and 12, using a Camsys 6300 ambulatory 
urodynamics data logger (F.M.Wiest, West Germany) linked to a portable 
notebook computer for continuous on-line display of pressure changes [294�. 
Water-filled catheters and external pressure transducers were used to 
record intravesical pressure and abdominal pressure, the latter being 
recorded from a vented balloon catheter placed in the rectum. Detrusor 
pressure was derived from intravesical pressure after subtraction of 
abdominal pressure. 
Most of the studies were performed in the patient's own cubicle with 
the infants either sleeping or were cuddled and entertained by their 
mothers so that they hardly noticed the investigation. Milk feeding and 
oral intake were continued as usual. Voided volumes were collected by an 
incontinence pad and weighed. The timing and characteristics of the 
urinary flow, the relationship with pressure changes and activities during 
the study period were noted continuously by an observer. The recordings 
were acquired for a minimum of three filling and voiding cycles or until a 
reproducible micturition pattern was obtained. Detrusor activity during 
filling was recorded as unstable if the amplitude of contractions was over 5 
cm H2O. Their frequency was noted and the peak amplitude of the 
pressure rise was used to grade them as mild (rise 5 - 15 cm H2O), moderate 
(rise 15 - 25 cm H2O) or severe (rise over 25 cm H2O) according to Coolsaet 
and Styles et al. [270, 271] The post-micturition residual urine volume was 
measured by emptying the bladder after the last void. Bladder emptying 
efficiency was calculated as the ratio of voided volume to capacity (voided 
volume + residual volume). Bladder emptying was defined as incomplete if 
the emptying efficiency was less than 0.70. 
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Analysis 
Results from the natural filling urodynamic studies of the refluxing 
infants were analysed as previously described (Chapter 11) and compared 
with those of the normal 'control' infants with respect to the presence or 
absence of detrusor instability, pattern of detrusor contraction during 
micturition, urinary flow, maximum voiding pressures (Pdetmax), voided 
volumes, post-micturition residues and emptying efficiency. The outcome 
values were expressed as mean 土 1 standard deviation of measurements 
unless otherwise specified. Differences between the normal and refluxing 
infants were tested using chi-square test with Yates's correction and the 
Wilcoxon signed rank test and p values of < 0.05 were regarded as 
statistically significant. Different urodynamic patterns that were distinct 
from the normal infants were then derived. These were then correlated with 
the outcome of reflux as revealed on direct isotope cystography. 
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NATURAL FILLING CYSTOMETRY 
After analysis and comparison with the normal control infants, six 
different bladder function patterns could be derived from the natural filling 
urodynamic studies of the 51 refluxing infants. (Table 14.1) 
(1) Normal: 17 infants (33%) 
- Micturition in these infants was characterized by a good 
uninterrupted urinary flow, no significant detrusor instability, and 
complete (>70%) bladder emptying. In contrast to the early urodynamic 
studies performed in younger infants at around 6 months of age, there was 
no significant difference in the voiding pressures between these infants and 
the 'control' group of infants (mean Pdetmax: 104 cm H20 vs 92 cm H20 
respectively). (Table 14.1) 
(2) Normal/Immature: 5 infants (10%). 
- S a m e as (1) except with significant interruption of urinary flow 
which was associated with moments of sudden intravesical pressure 
increase. Occasionally urinary flow stopped completely for 1-2 minutes 
before resumption and voiding then continued to completion. Bladder 
emptying was complete (>70%) and the mean emptying efficiency was 0.81. 
(3) Dyssynergic : 3 infants (6%) 
- Micturition in this group of infants was characterized by 
significant interruption of urinary flow which was synchronous with spikes 
of marked elevation of intravesical pressure. As in (2), urinary flow 
occasionally stopped completely for a few minutes before resuming again 
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and micturition occurred as a series of small, interrupted squirts in quick 
succession. Unlike the immature bladders, however, there was frequently 
incomplete (<70%) bladder emptying. The mean emptying efficiency was 
0.7. 
(4) Unstable : 12 infants (24%) 
- A l l the infants in this category had marked detrusor instability 
with frequent unstable contractions during the filling phase. Furthermore, 
a significant proportion of these infants had incomplete bladder emptying, 
with a mean bladder emptying efficiency of 0.61. A history of urinary tract 
infection was particularly common in this group of infants and was present 
in 8 of the 12 infants. Two of the infants with severe instability required a 
defunctioning vesicostomy because of recurrent intractable breakthrough 
urinary tract infections despite continuous antibiotic prophylaxis. 
(5) Inadequate : 12 infants (24%) 
- T h e urodynamic findings of this group of refluxing infants is 
characterized by poor, unsustained, low pressure detrusor contractions 
which are associated with small voided volumes and large post-micturition 
residue. Unlike most of the other refluxing infants with abnormal bladder 
function the voiding pressures are lower than the normal controls (mean 
Pdetmax: 60 cm H2O vs 92 cm H2O respectively, p<0.01). As noted 
previously in infants with inadequate bladders during the 6-month studies, 
the urodynamic findings in 4 of the 12 infants showed marked improvement 
with much better detrusor contractions and bladder emptying immediately 
after the bladders were completely drained during the examination. In all 4 
patients, however, the detrusor contractions and bladder emptying 
progressively worsened with each subsequent voiding and gradually 
returned to the initial pattern after 3 to 4 voiding cycles. 
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(6) Obstructive ： 2 infants (4%) 
-Micturition pattern in both of these infants was characterized by 
frequent voiding of small urine volumes with extremely high detrusor 
pressures up to 328 cm H2O, which was associated with incomplete bladder 
emptying. In both infants no special remark was made about urethral 
abnormalities in the initial MCU by the radiologists. Subsequent cysto-
urethroscopic examination revealed, however, obstructive lesions in the 
urethra in both patients. In one infant urethroscopy revealed multiple 
obstructive elements in the bulbous and posterior urethra. Starting distally 
in the bulbous urethra was a ruptured syringocele with two dilated 
Cowper's gland ducts but no obviously obstructing distal lip. Situated 
slightly proximally to this was a tough Moormann's ring which stopped the 
passage of a lOF urethroscope. This was incised by diathermy. Further 
proximally to this, but still distal to the external sphincter, were two thick 
mucosal folds on the lateral walls which were compatible with congenital 
obstructing posterior urethral membranes (COPUM). This latter was also 
fulgurated by electrocautery. Urethroscopic examination in the other 
patient revealed an almost complete COPUM with an eccentric ventral 
aperture at the bulbous urethra. 
DIRECT ISOTOPE CYSTOGRAPHY (Table 14.2) 
Follow-up cystogram revealed persistent VUR in 28 (25 boys : 3 girls) 
of the 51 infants. There was a significant relationship between bladder 
dysfunction and the clinical outcome of VUR. Reflux persisted in 2 of 22 
infants with either a normal or normal/ immature urodynamic pattern as 
compared to 26 of 29 infants with an abnormal urodynamic pattern. Of 35 
refluxing units (22 infants) associated with either normal or normal/ 
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immature bladders, reflux resolved spontaneously in 32 units (91%). In 
contrast, of 51 refluxing units (29 infants) associated with either 
dyssynergic, unstable, inadequate or obstructive bladders, reflux 
disappeared in only 9 units (p < 0.001). (Table 14.2) Spontaneous resolution 
of reflux was more dependent on the bladder functional status than on the 
cystographic grading of severity. Of 68 grade IV or V refluxing units, 21 of 
23 units (91%) that were associated with a normal or normal/immature 
bladder resolved spontaneously as compared to only 5 of 45 units (11%) 
that were associated with a dyssynergic, unstable, inadequate or obstructive 
type of bladder (p < 0.001). (Table 14.2) 
FOLLOW-UP URODYNAMIC STUDIES (Table 14.3) 
Of the 51 infants undergoing natural filling cystometry at 15 months, 
21 (18 boys; 3 girls) also had early studies at around 6 months of age for 
comparison. The clinical outcome of VUR again showed a significant 
correlation to the changes in urodynamic patterns. (Table 14.3) Of the 21 
infants with early (6-month) and follow-up (15-month) studies, 8 infants 
(Patients 14-21) had abnormal bladder functions demonstrated by both 
studies, and reflux persisted in all of them. In contrast, VUR resolved 
spontaneously in all of the 8 infants (Patients 1-5 and 8-10) who had normal 
or normal/immature urodynamic patterns at both 6 and 15 months. 
Bladder function in 3 infants with 6 refluxing units (Patients 6,7,11) 
worsened from an initially normal or normal/ immature patterns at 6 
months to an unstable (2) or dyssynergic pattern (1) at 15 months. Of these, 
VUR resolved in 3 refluxing units. Bladder function improved in 2 infants 
with an initial dyssynergic pattern (Patients 12,13) and became normal at 15 
months. Of these, VUR resolved in 1 infant. 
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Bladder function and emptying efficiency deteriorated in 2 infants 
who initially had a dyssynergic or unstable urodynamic pattern (Patients 
16,19). Both demonstrated an inadequate pattern on follow-up studies at 15 
months with overt signs of bladder decompensation and loss of detrusor 
contractility. Interestingly, bladder function in both infants showed 
dramatic improvement with much better detrusor contractions and 
emptying efficiency immediately after the bladders were drained manually 
during natural filling cystometry. In both patients, however, detrusor 
contractions and bladder emptying progressively worsened again with each 
subsequent voiding and gradually returned to the original inadequate 
pattern after a few voiding cycles. 
In the majority of infants with both early and follow-up urodynamic 
studies for comparison, the maximum detrusor pressures during micturition 
(Pdetmax) showed a significant decrease from 6 months to 15 months. The 
mean Pdetmax at 6 months and 15 months were 145 土 47 cm H2O and 99 士 42 
cm H2O respectively (p < 0.01). 
I Discussion [[ 
The association of VUR with dysfunctional voiding has been well 
described in older children, the majority of which are girls presenting with 
symptomatic urinary tract infections [45, i80-i84]. Griffiths and Scholtmeijer 
(1987) had described essentially two different types of reflux/bladder 
dysfunction complexes in older children with primary VUR 购’322]. The 
first type was characterized by the presence of marked detrusor instability. 
In the second type there was poor detrusor contractility associated with 
pronounced overactivity of the sphincteric closure mechanism. Similar 
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findings have been reported by Koff and Murtagh [45]. Treatment of 
children found to have VUR and unstable bladders with anticholinergic 
drugs to ameliorate the uninhibited contractions resulted in a significant 
reduction in the incidence of breakthrough urinary infections and an 
increase in the rate of reflux resolution compared to controls [45' 182�. 
j 
Recent studies on infants with prenatally diagnosed VUR have 
indicated that the pathogenetic mechanisms involved in males and females 
may well be different, and that a proportion of the male refluxing infants 
may have suffered from a transient period of in-utero bladder outflow 
obstruction (Chapters 7 and 8). In order to better understand the 
pathophysiology of VUR, it is crucial to document their bladder functional 
status in early infancy. Results from natural filling cystometry performed 
on young infants with gross reflux by this author have revealed that 
abnormal bladder function is in fact not uncommon even during the first 
few months of life. Comparing with a control group of infants with normal 
lower urinary tract, six different urodynamic patterns have been identified 
in the refluxing infants (Chapter 13). Furthermore, the majority of these 
young refluxing patients have significantly higher voiding pressures than 
normal control male infants. This provides very strong support that the 
hypothetical in-utero bladder outflow obstruction probably does exist in a 
significant proportion of male refluxing infants. 
Results from this present study show that different urodynamic 
patterns similar to those documented in early infancy exist in patients with 
VUR during the second year of life. As in the early (6 months) studies, 
detrusor instability and poor bladder emptying are the commonest 
abnormal urodynamic findings during the second year of life. In contrast to 
the early studies, however, a greater proportion of patients (12 infants : 
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24%) were found to have an inadequate bladder and less were found to 
have a dyssynergic bladder. This can be explained by the finding that 
bladders with a dyssynergic urodynamic pattern during early infancy often 
decompensate and become an inadequate system or normalize in function 
during the first year of life. Of the 5 infants who displayed a dyssynergic 
pattern in the 6 months studies and were available for follow-up cystometry 
at 15 months (Patients 12-16), two became normalized, two decompensated 
and only one retained a dyssynergic bladder (Table 14.3). Since sphincter 
dyssynergia produces a state of functional bladder outflow obstruction, it 
can be conceived that voiding constantly against such obstruction can result 
I 
in impaired detrusor contractility and bladder decompensation as in some 
adult patients with benign prostatic hypertrophy [325, 326,333,334]. 
In 4 of the 12 infants exhibiting an inadequate functional pattern, the 
urodynamic findings showed marked improvement with much better 
detrusor contractions and emptying efficiency after the bladders were 
artificially drained during the studies. In all 4 patients, however, bladder 
function progressively worsened with each subsequent voiding and 
gradually returned to the initial inadequate pattern after a few voiding 
cycles. It is reasonable to envisage that these apparently decompensated 
bladders should benefit from periodic emptying by intermittent 
catheterization. Antireflux procedures, for instance, by ureteric 
reimplantation without any attempt to improve bladder emptying, is clearly 
not indicated in such patients. 
Urethroscopic examination in both infants with an obstructive 
urodynamic pattern revealed various congenital obstructive lesions in the 
urethra. It is noteworthy that the initial urethrograms in both patients were 
commented by the radiologists as non-obstructive. According to the 
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traditional cystographic diagnostic criteria, VUR in such patients would 
naturally be labelled as 'primary' and would have been managed as such if 
a functional assessment by cystometry had not been performed. 
In contrast to the early studies, the significantly higher voiding 
pressures in the males comparing to normal controls that were observed at 
6 months was no longer a prominent feature in the second year of life. In 
the majority of infants with early urodynamic studies for comparison, the 
maximum voiding pressures (Pdetmax) showed a significant decrease from 6 
months to 15 months. Accordingly the hypercontractile state that was 
detected previously became normalized in the majority of patients and 22 
infants (43%) were found to have a normal or normal/ immature bladder. 
This supports the postulation that any in-utero bladder outflow obstruction, 
if present, are probably transient and will resolve soon after birth. More 
importantly, this parallels the high spontaneous resolution rate of reflux 
during the second year of life. Of the 35 refluxing units in the 22 infants, 32 
(91%) had resolved spontaneously at 15 months. 
There was a significant relationship between persistence of reflux 
and bladder dysfunction, especially with detrusor instability and 
incomplete emptying. Of 51 refluxing units (29 infants) associated with 
either a dyssynergic, unstable, inadequate or obstructive bladder, reflux 
disappeared in only 9 units (18%). In contrast, 32 of 35 refluxing units 
(91%) that were associated with either a normal or normal/ immature 
bladder resolved spontaneously (p < 0.001). Furthermore, spontaneous 
resolution of reflux was more dependent on the bladder functional status 
than on the cystographic grading of severity: 21 of 23 grade IV/V refluxing 
units (91%) that were associated with a normal urodynamic pattern 
resolved as compared to only 5 of 45 grade IV/V units (11%) that were 
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associated with an abnormal pattern (p < 0.001). The current universal 
practice of using static radiological images from a conventional MCU as the 
gold standard for the grading of severity of reflux and the planning of 
management, rather than adopting a physiological evaluation with 
urodynamic assessment for underlying bladder dysfunction, is therefore 
obviously erroneous. 
In conclusion, there is a strong correlation between the bladder 
functional status and the early outcome of reflux. A careful urodynamic 
assessment should form part of the routines in the initial management of 
infants with 'primary' VUR. 
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Table 14.1 Maximum voiding pressures (Pdetmax), detrusor instability, 
and emptying efficiency of normal control and refluxing 
infants. 
Urodynamic Mean Detrusor instability Incomplete Emptying 
Pattern Pdetmax Moderate/ emptying efficiency 
(cm H20) Mild Severe 
Control 92 ±25 1 0 0 0.89 土 0.08 
(n = 10) 
Normal 104 士 35 3 0 0 0.87 土 0.06 
(n = 17) 
Normal/ 125 ± 35 0 0 0 0.81 土 0.08 
Immature 
(n = 5) 
Dyssynergic 195 ± 53 1 0 2 0.70 士 0.11 
(n = 3) 
Unstable 98 土 31 0 12 8 0.61 土 0.17 
(n = 12) 
Inadequate 60 士 21 2 0 12 0.38 土 0.2 
(n = 12) 
Obstructive 301 土 38 0 2 2 0.45 士 0.32 
(n = 2) 
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Table 14.2 Spontaneous resolution of reflux according to cystographic 
grading and bladder functional status. 
Reflux Resolution According to VUR Grading* 
Urodynamic Persistent 
Pattern VUR Grade II Grade III Grade IV Grade V 
Normal 2 HT) ^ 11(11) W ) 
(n = 17) 
Normal/ 0 2(2) 1(1) 4(4) 1(1) 
Immature 
(n = 5) 
Dyssynergic 3 - 1 (2) - 0 (3) 
(n = 3) 
Unstable 10 2(2) 0(1) 1(11) 2(8) 
(n = 12) 
Inadequate 11 - 1(1) 1 (4) 1 (17) 
(n = 12) 
Obstructive 2 - - - 0 (2) 
(n = 2) 
* Numbers in ( ) represents the total number of refluxing units whereas 
numbers not in ( ) indicate the number of units with reflux resolved. 
* 
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Table 14.3 Follow-up urodynamic studies: changes between 6 and 15 
months 
Right Left Urodynamic Urodynamic 
VUR VUR pattern pattern Outcome Outcome 
Patient Grade Grade (6 month) (15 month) R VUR* L VUR* 
1. RK 0 4 Normal Normal 0 0 
2. HR 3 0 Normal Normal 0 0 
3. RB 4 3 Normal Normal 0 0 
4. JH 0 4 Normal Immature 0 0 
5. EH 4 3 Normal Immature 0 0 
6. JI 2 5 Normal Unstable 0 0 
7. TW 5 5 Normal Unstable + + 
8. CD 0 4 Immature Normal 0 0 
9. TH 4 2 Immature Immature 0 0 
10. AD 4 2 Immature Immature 0 0 
11. OF 3 5 Immature Dyssynergic 0 + 
12. NV 0 4 Dyssynergic Normal 0 0 
13. TK 3 5 Dyssynergic Normal + + 
14. TC 3 5 Dyssynergic Dyssynergic + + 
15. HK 3 5 Dyssynergic Unstable + + 
16. CW 3 5 Dyssynergic Inadequate 0 + 
17. SM 4 5 Unstable Unstable + + 
18. LB 4 5 Unstable Unstable + + 
19. CW 5 4 Unstable Inadequate + + 
20. PR 5 5 Inadequate Inadequate + + 
21. SP 5 5 Inadequate Inadequate + + 
* Outcome VUR : '0' = VUR resolved;'+' = VUR persisted on follow-up. 
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CHAPTER FIFTEEN 
NATURAL FILLING DIRECT 
ISOTOPE C Y S T O G R A P H Y 
WITH S Y N C H R O N O U S U R O D Y N A M I C 
STUDY ( N F D I C ) : 
A NEW T E C H N I Q U E WITH S I G N I F I C A N T 
P R O G N O S T I C VALUE FOR PRIMARY 
V E S I C O U R E T E R I C REFLUX 
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Objectives - To evaluate the dynamics of a refluxing system using a 
new technique combining direct radio-isotope cystography and 
synchronous bladder pressure recording during natural filling from the 
upper tract (NFDIC). 
Materials and Methods - Twenty-six infants with 46 refluxing units 
on conventional MCU were investigated with NFDIC at a mean age of 5.6 
months (range: 3 - 8 months). Demonstration of VUR was compared with 
that shown on the original MCU and correlated with the bladder functional 
status as well as the outcome of reflux during the second year of life. 
Results - Compared with the MCU, reflux was not detected in a 
substantial proportion of cases and was shown in 15 of 20 Grade V, 3 of 15 
Grade IV, 2 of 8 Grade III and 0 of 3 Grade II refluxing units. Demonstration 
of reflux by the NFDIC was closely correlated to the presence of underlying 
abnormal bladder function. Eighteen of 28 refluxing units (64%) that were 
associated with either a dyssynergic, unstable or inadequate pattern of 
bladder dysfunction were shown by the NFDIC as compared to only 2 of 18 
units (11%) that were associated with a normal pattern (p < 0.002). Reflux 
during bladder filling was observed in 9 cases and was associated with 
unstable bladder contractions in most circumstances. Detection of reflux by 
NFDIC in the first year had a significant correlation with the outcome of 
reflux on follow-up cystography during the second year of life: 14 of the 19 
units that had persistent reflux were shown by the NFDIC as compared to 
only 1 of 20 units in which reflux had spontaneously resolved (p < 0.001). 
The positive and negative predictive values for the persistence of reflux at 
15 months of age were 93% and 79% respectively. 
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Conclusions - The NFDIC is a more physiological method of 
demonstrating VUR and has a much more important bearing on the 
prognosis and management of reflux than conventional MCU. 
！ -厂 
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I Introduction || 
The micturating cystourethrogram (MCU) performed by direct 
injection of radio-opaque contrast material through an urethral catheter into 
the bladder has been regarded as a standard tool for the diagnosis and 
grading of VUR. The presence of reflux is confirmed by the demonstration 
of retrograde flow of contrast from the bladder into the upper tract. The 
exact technique and methodology used however varies considerably among 
different centres as well as individual radiologists [66, 67]. Furthermore, the 
examination requires catheterization of the bladder, usually through the 
urethra, for the introduction of contrast material. This very act is traumatic 
and often exasperates a young child sufficiently to make the subsequent 
study almost impossible. The consequent struggling and screaming of the 
patient also causes a substantial but uncontrolled elevation of intravesical 
pressure. Findings of the MCU performed under such an unphysiological 
condition is not surprisingly difficult to interpret. It is therefore clear that 
although MCU has been used as the gold standard for the detection and 
grading of VUR, the examination result is subject to a significant number of 
unpredictable variables and hence potential unreliability. 
The introduction of radionuclide isotope cystography provides an 
alternative for the study of the bladder and upper urinary tract. 
Technetium-99m pertechnetate is usually used as the agent for direct 
instillation. The technique allows prolonged continuous monitoring under 
the gamma camera for the occurrence of reflux [69,7o]. in order to better 
evaluate the dynamics of a refluxing system under a more physiological 
condition, the author introduced a new technique of cystography which 
combines direct radio-isotope cystography and synchronous bladder 
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pressure recording during natural filling from the upper tract (NFDIC). 
This new technique was applied to a group of young infants with gross 
VUR at the first few months of age. The findings as compared to that shown 
on the conventional MCU were correlated with the clinical outcome of VUR 
during the second year of life. 
i 
[[Patients and Methods || 
Twenty-six infants aged 3 - 8 months (mean 5.9 months) with gross 
VUR (Grade III or above) when previously studied by conventional MCU 
were investigated by natural filling direct isotope cystography with 
synchronous bladder pressure recording (NFDIC). There were 23 boys and 
3 girls. The investigation was performed as part of a prospective study for 
young infants with gross reflux. The study was approved by the ethical 
committee of The Hospital For Sick Children, Great Ormond Street, London. 
Informed consent was obtained from the parents prior to the studies. 
An Elsint Apex 409 MA Formax A3 gamma camera fitted with a 
paediatric collimator and interfaced to an Informatek, Simis 3 computer 
(Sopha Medical; Les Ulif, France) was used for radionuclide cystography. 
Simultaneous urodynamic recording was performed using a Camsys 6300 
ambulatory urodynamic data logger (F.M.Wiest, West Germany) with 
a fibre-optic interface (operating at 4,800 Baud) linked to an IBM PC 
notebook computer. Pressure signals were sampled continuously at 
a rate of 10 Hz. All studies were performed with continuous on-line 
display on the notebook computer and with an observer in attendance 
throughout. 
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All the infants had an intravesical 5F cystofix catheter (Braun, 
West Germany) inserted suprapubically 24 hours before the study and 
whilst the patients were anaesthetised. Following suprapubic 
puncture, full bladder function was restored before cystography and 
urodynamic studies were performed. In addition a catheter with a 
vented balloon at the tip was placed in the rectum for recording the 
abdominal pressure just prior to the study. 
The infants were allowed to lie comfortably on a radiolucent table 
and positioned to enable radionuclide imaging of the bladder and kidneys 
in posterior projections. All infants were accompanied by their mothers 
during the studies and entertained. Milk feeding was continued as usual. 
The bladder was drained and then 20 Mbq of technetium-99m pertechnetate 
I.. 
I in 0.2 ml solution was gently introduced via the suprapubic catheter. The 
j ‘ 
bladder was then allowed to fill naturally from the upper tract while 
continuous radionuclide scanning by the gamma camera and urodynamic 
recordings were started simultaneously. An observer was present 
throughout the study to note any occurrence of reflux as detected by the 
gamma camera, changes in intravesical pressures and patient activity. 
Following a full filling and voiding cycle the bladder was drained and the 
volume of residual urine noted. 
The radionuclide cystogram was acquired on the computer in 5-s 
frames using a 64 x 64 matrix format. All the images of each radionuclide 
cystogram were subsequently reviewed on a computer monitor. The 
presence of reflux could be identified visually in individual frames. (Figure 
15.1) Approximately 50 frames acquired during end-filling and voiding 
were summated and separate regions of interest (ROIs) defined around the 
bladder and each kidney. For each ROI plots of activity versus time were 
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then generated for the whole period of the study and printed graphically. 
(Figure 15.2) The activity plots were digitized and transferred to the 
computer for further analysis. The records were displayed on the computer 
monitor with radioactivity as counts/5s. The occurrence of reflux was then 
correlated with the changes in intravesical pressures as noted by 
urodynamic recordings. Bladder emptying was defined as incomplete if the 
post-micturition bladder activity counts was more than 30% of the counts 
just prior to micturition. 
Data analysis were performed using the chi-square test with Yates's 
correction, p values of <0.05 were considered to be statistically significant. 
I Results I 
NFDIC 
All studies were completed satisfactorily without undue difficulties 
and the infants were relaxed and quiet for most part of the studies. 
Compared with the MCU, reflux was not detected in a substantial 
proportion of cases and was shown in 15 of 20 Grade V, 3 of 15 Grade IV, 2 
of 8 Grade III and 0 of 3 Grade II refluxing units. Reflux during bladder 
filling was observed in 9 cases and was associated with detrusor instability 
in most circumstances. In these cases reflux of radio-isotope into the upper 
tracts was observed to coincide with elevation of intravesical pressures as a 
result of unstable bladder contractions (Figure 15.3). Refill of the bladder 
from the upper tract could be seen after the unstable contraction subsided. 
The same cycle of refluxing into the upper tract with an unstable 
contraction and refilling of the bladder again after the contraction died 
down could occur repeatedly during the filling phase. 
2 3 2 '' 
In addition to detrusor instability, detection of reflux by the NFDIC 
was also associated with incomplete bladder emptying. Thirteen infants 
with 24 refluxing units on conventional MCU had incomplete bladder 
emptying as shown on the NFDIC. Of these, 8 infants with 15 units had 
reflux demonstrated by isotope cystography. Of the remaining 13 infants 
(22 refluxing units on MCU) with good bladder emptying, only 5 infants 
with 5 units had reflux shown by NFDIC (p < 0.02). 
Demonstration of reflux by the NFDIC was closely correlated to the 
presence of underlying abnormal bladder function. Eighteen of 28 refluxing 
units (64%) that were associated with either a dyssynergic, unstable or 
inadequate pattern of bladder dysfunction were shown by the NFDIC as 
compared to only 2 of 18 units (11%) that were associated with a normal or 
normal / immature pattern (p < 0.002). (Table 15.1) 
PROGRESS 
Twenty-four of the 26 infants undergoing NFDIC were available for 
follow-up at 15 months. Of these, 2 infants (4 refluxing units) with severe 
detrusor instability and recurrent breakthrough urinary tract infections 
despite continuous antibiotic prophylaxis received a vesicostomy for 
urinary diversion at 4 and 6 months respectively. All 4 refluxing units in 
these 2 infants were shown by the NFDIC. The remaining 22 infants with 
39 refluxing units on initial MCU had a follow-up cystogram for 
reassessment. Nineteen of the 39 refluxing units had persistent reflux. 
Detection of reflux by NFDIC in the first year had a significant correlation 
with the outcome of reflux on follow-up cystography during the second 
year of life: 14 of the 19 units that had persistent reflux were shown by the 
NFDIC as compared to only 1 of 20 units in which reflux had spontaneously 
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resolved (p < 0.001). The positive and negative predictive values for the 
persistence of reflux at 15 months of age were 93% and 79% respectively. 
I Discussion |[ 
The conventional MCU has remained a vital and almost 
indispensable investigatory tool for paediatric urinary tract problems over 
the last few decades. It has been used as the gold standard for the 
diagnosis, classification and management of VUR, which is regarded 
hitherto as an important urinary tract disorder in childhood. However, the 
examination is traumatic to the patient and is often conducted in an 
unphysiological condition. There is also considerable divergence of 
technique and methodology among different radiologists [66' i98-204]. The 
findings are therefore subjected to a substantial number of uncontrolled 
variables and hence potential unreliability. Surprisingly, very little has 
been published in the literature regarding the optimal and standardized 
procedure to be followed, the percentage of false positives and negatives 
that are intrinsic to the different techniques employed, and how these can 
be minimized. This renders interpretation of the findings difficult and 
comparison of results with respect to grading of reflux often impossible 
among different centres [i98,i99]. 
In contrast, the new technique of direct isotope cystography under 
natural filling condition (NFDIC) pioneered by this author is a much more 
physiological method for cystography. Instead of direct injection of radio-
opaque contrast material into the bladder under pressure, only 0.2 ml of 
pertechnetate solution was gently introduced and the bladder was then 
allowed to fill up naturally from the upper tract with the infant's own 
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urine. The insertion of suprapubic catheters in all infants under a 
light general anaesthesia at least 24 hours prior to the studies was 
another important feature of this physiological technique. In 
addition, the presence of the infant's mother during the study was 
also essential. In all the NFDIC studies the infants were relaxed and 
quiet for most part of the examination. The majority were hardly 
even aware of the investigation proceeding and there were no studies 
that had to be abandoned or were difficult to interpret. 
The remarkable discrepancy between the results of the MCU 
and the NFDIC was striking. Only 5 of 26 refluxing units grade IV or 
less in severity were shown by the natural fill technique. For more 
severe reflux there was a closer correlation, but still 5 of 20 grade V 
refluxing units were not shown up by NFDIC. It is possible that some 
refluxing units might have resolved spontaneously in the time gap 
between the initial MCU and the NFDIC. However, considering the 
short length of time lapsed (mean 3.1 months) this possibility must be 
small. It is therefore reasonable for one to believe that some of the 
refluxing units demonstrated by conventional MCU might be an 
artefact arising from the unphysiologically high intravesical 
pressures that are often encountered during the examination. 
With the help of a combined continuous radionuclide 
cystography and synchronous urodynamic recording it is possible for 
the first time to demonstrate clearly that reflux during bladder filling 
was mostly associated with unstable bladder contractions. The 
previous assumption that reflux during the filling phase occurs under 
low pressure is therefore probably erroneous [35,189]. Furthermore, as 
detrusor instability predisposes to recurrent urinary infections and 
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progressive renal damage, this also explains the findings by previous 
workers that " low pressure" reflux, i.e. reflux occurring during the 
filling phase, is associated with a poorer prognosis [35, i89, i9i, i92j. 
The finding that demonstration of reflux by the NFDIC was closely 
correlated to the presence of underlying abnormal bladder function is 
startling but very important. For the first time the detection of VUR was 
directly related to an underlying pathologic mechanism rather than the 
traditional concept of a congenitally maldeveloped incompetent 
ureterovesical junction. It is arguable therefore that reflux is perhaps 
mainly a radiological manifestation of the underlying bladder dysfunction 
rather than a pathological condition that requires treatment per se. Only 2 of 
the 20 refluxing units demonstrated by NFDIC were associated with a 
normal or normal / immature urodynamic pattern. The findings therefore 
suggest that the occurrence of VUR as a primary congenital disorder, 
without an underlying pathogenetic mechanism like abnormal bladder 
function, as is the case according to the generally accepted "ureteric bud 
theory", is a rarity. 
The observation that detection of reflux by NFDIC in the first year 
correlated significantly with the outcome of reflux on follow-up is again of 
great importance. The overall positive predictive value for the persistence 
of reflux during the second year of life is as high as 93%. One can therefore 
assume that if reflux is demonstrated by the NFDIC then the condition is 
probably more severe and would persist into later life. Appropriate 
treatment especially with respect to the underlying bladder dysfunction can 
then be planned accordingly. Conversely, absence of reflux on NFDIC, 
which is usually associated with a normal bladder function, implies that 
VUR occurs only under extremes of conditions during the conventional 
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MCU with a marginally incompetent ureterovesical junction. Hence there is 
a high chance that reflux would resolve spontaneously as early as 15 
months with growth and maturation of the ureterovesical junction. The 
new technique therefore provides a valuable prognostic index as to the 
clinical outcome and hence guidance to the planning of management. 
In conclusion, the NFDIC is a more physiological method of 
demonstrating VUR and has a much more important bearing on the 
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Table 15.1 Correlation between urodynamic pattern and detection of 
reflux by natural filling direct isotope cystography (NFDIC) 
Urodynamic No. of refluxing No. of refluxing units 
patterns* units on MCU detected by NFDIC 
1. Normal 11 1 
2. Immature 7 1 
3. Dyssynergic 12 4 
4. Unstable 12 10 
5. Inadequate 4 4 
• L 
* According to natural filling cystometry criteria (Chapter 13) 
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Figure 15.1 Direct isotope cystography under natural filling 
(NFDIC) showing reflux in individual frames. 
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I Figure 15.2 Activity time plots of a NFDIC demonstrating reflux 
occurring just before micturition. 
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Figure 15.3 NFDIC showing reflux of radio-isotope into the upper 
tracts during the filling phase which coincides with 
elevation of intravesical pressure as a result of unstable 
bladder contractions. 
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CHAPTER SIXTEEN 
Q U A N T I F I C A T I O N OF V E S I C O U R E T E R I C REFLUX 
AND BLADDER EMPTYING BY SYNCHRONOUS 
ISOTOPE C Y S T O G R A P H Y AND 
U R O D Y N A M I C RECORDING (QIC) 
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[SUMMARY I 
Objectives - To evaluate the dynamics of a refluxing system with 
special reference to the adverse effects of VUR on bladder emptying by 
combined quantitative radionuclide cystography and synchronous 
urodynamic recording (QIC). 
Materials and Methods - Forty-three infants (36 boys, 7 girls) with 
gross VUR diagnosed before 6 months of age were managed conservatively 
and studied with QIC in addition to natural filling cystometry (NFU) at a 
mean age of 15.9 months. Bladder function was categorized into six patterns 
according to the NFU findings as previously described. In order to 
understand how active reflux during voiding might contribute to the 
urodynamic finding of inadequate emptying a bladder emptying index 
(BEI) was obtained from analysis of the QIC. This was calculated from the 
fall in counts in the bladder region of interest as the percent of pre-
micturition bladder volume emptied during micturition, i.e. the total 
volume leaving through the urethra and by reflux. This was compared with 
the voiding efficiency (VE) obtained from volume measurements of the 
capacity and voided volumes and also correlated with the bladder 
functional patterns. 
Results - In 19 infants (14 boys, 5 girls) with normal or immature 
bladder function, reflux rarely persisted (1/19; 5%). In contrast, in those 
infants with abnormal bladder function, reflux commonly persisted (22/24; 
92%). Of the 24 infants with abnormal bladder function 21 had inefficient 
emptying, either on its own (n=12), or with instability (n=6), or dyssynergic 
voiding (n=2), or obstruction (n=l). Of the 23 infants with persistent reflux, 
its occurrence only during micturition was uncommon (6/23; 26%). Most of 
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the patients had reflux started during bladder filling (18/23; 78%) which 
usually increased during voiding (14/18; 78%). 
Paired data of bladder emptying index and voiding efficiency were 
！ • -
available in 34 of the 43 infants. In those with normal or immature bladder 
function there was a good agreement between BEI and VE (n=13; mean of 
difference = 1%; SD = 3.75%). Ten of 21 infants with abnormal bladder 
function showed a BEI that was significantly better (>2 SD difference) than 
the VE indicating that active reflux during voiding did contribute in part to 
the urodynamic impression of inadequate emptying. However, in only 2 of 
these 10 infants was the BEI greater than 70% (n=10; mean BEI = 58%; SD = 
19%), which implies that even after accounting for reflux into the upper 
tract, 80% (8 of 10) of the inadequate bladders still had poor emptying. 
Conclusions - Persistent VUR is often associated with abnormal 
bladder functions, notably inadequate bladder emptying. That the actual 
improvement in emptying efficiency was either small or inapparent in the 
majority by calculating the BEI suggests that active reflux during voiding 
does not contribute significantly to the poor bladder emptying that is 
documented urodynamically in patients with VUR. 
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I Introduction || 
Conventionally, the micturating cystourethrogram (MCU) performed 
under fluoroscopy has been used as a gold standard for the diagnosis and 
grading of vesicoureteric reflux (VUR). The presence of reflux is confirmed 
by the demonstration of retrograde flow of radio-opaque contrast material 
from the bladder into the ureter and the pelvicalyceal system; and the 
severity of reflux is assessed by the degree of upper tract dilatation. The 
study is however often conducted in an unphysiological manner and the 
exact technique varies significantly among different radiologists. 
Furthermore, unless combined with urodynamic recordings, the 
investigation does not provide any objective information regarding bladder 
behaviour at the time when reflux occurs. In order to better understand the 
physiological characteristics of a refluxing system, it is necessary to 
combine cystography with quantitation of refluxed urine volumes and 
synchronous recording of bladder pressure during a filling and voiding 
cycle. This approach has first been used by Maizels et al by combining 
urodynamic recording and nuclear cystography [309], and later modified by 
Godley et al with the added sophistication of reflux volume determination 
[3271. 
In the previous studies it has been found that infants with 'primary' 
VUR often have various types of abnormal bladder function, of which 
inadequate emptying is very common. It is uncertain however whether this 
impaired emptying is the result of a primary bladder dysfunction or is 
actually an artefactual phenomenon, contributed mainly by active reflux of 
urine into the upper tracts during voiding. The aim of this study is to 
evaluate the dynamics of a refluxing system with special reference to the 
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possible adverse effects of VUR on bladder emptying by combined 
quantitative isotope cystography and synchronous urodynamic recording. 
I Materials and Methods || 
Forty-three infants (36 boys, 7 girls) with significant VUR (grade III 
or higher) diagnosed before 6 months of age were managed conservatively 
and studied at a mean age of 15.9 months (range 13 - 20 months). Each had 
a prolonged natural filling urodynamic study as described previously, 
which was followed by a combined quantitative isotope cystography with 
synchronous conventional filling cystometry (QIC). All studies were 
performed with a lOF double lumen suprapubic catheter placed under 
general anaesthesia at least 24 hours prior to the study. In addition, a 
vented balloon catheter was placed in the rectum for recording the 
abdominal pressure immediately before the study. 
Natural filling cystometry 
The natural filling urodynamic studies were performed as described 
previously in Chapters 11 and 12, using a Camsys 6300 ambulatory 
urodynamics data logger (F.M.Wiest, West Germany) linked to a portable 
notebook computer for continuous on-line display of pressure changes [294]. 
Most of the studies were performed in the patient's own cubicle with the 
infants either sleeping or were cuddled and entertained by their mothers so 
that they hardly noticed the investigation. Milk feeding and oral intake 
were continued as usual. Voided volumes were collected by an incontinence 
pad and weighed. The timing and characteristics of the urinary flow, the 
relationship with pressure changes and activities during the study period 
were noted continuously by an observer. The recordings were acquired for 
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a minimum of three filling and voiding cycles or until a reproducible 
micturition pattern was obtained. Detrusor activity during filling was 
recorded as unstable if the amplitude of contractions was over 5 cm H2O. 
Their frequency was noted and the peak amplitude of the pressure rise was 
used to grade them as mild (rise 5 - 15 cm H2O), moderate (rise 15 - 25 cm 
H2O) or severe (rise over 25 cm H2O) according to Coolsaet and Styles et al. 
[270, 271] The post-micturition residual urine volume was measured by 
emptying the bladder after the last void. Bladder emptying efficiency was 
calculated as the ratio of voided volume to capacity (voided volume + 
residual volume). Bladder emptying was defined as incomplete if the 
emptying efficiency was less than 0.70. 
Results from the natural filling urodynamic studies of the refluxing 
infants were analysed as previously described (Chapter 11) and compared 
with those of a normal 'control' group of age-matched infants. Different 
urodynamic patterns that were distinct from the normal infants were then 
derived. 
Quantitative isotope cystography with synchronous urodynamic recording (QIC) 
This was performed primarily with the methodology as previously 
described by Godley et al [327�with special modifications for small infants. 
A Scintronics Digicamera 400 (Scintag Berthold; Livingstone, Scotland) 
fitted with a paediatric collimator and interfaced to an Informatek, Simis 3 
computer (Sopha Medical; Les Ulif, France) was used for the isotope 
cystography. Urodynamics were recorded using an Aspen Medical 
(Dingwall, Scotland formerly Gaeltec Research) system interfaced to an 
Apricot personal computer. The infants were allowed to lie comfortably on 
a radiolucent table and positioned to enable radionuclide imaging of the 
bladder and kidneys in posterior projections. All infants were accompanied 
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by their mothers during the studies and entertained with toys to facilitate 
the procedure. Milk feeding was continued as usual. 
The bladder was drained and then gravity filled at about 5-10 
ml/min with room temperature physiologically normal saline containing 
technetium-99m pertechnetate (20 Mbq/450ml). Bladder filling was slowed 
down when there was a sharp increase in intravesical pressure or marked 
unstable contractions; and was stopped once micturition occurred. The 
concentration of radioactivity in the filling solution, expressed as gamma 
camera counts per unit volume after background subtraction, was 
determined from a 10-ml sample (standard) counted on the gamma camera 
face prior to the study. The filling rate and filling volume, together with 
intravesical and abdominal pressures, were recorded continuously and 
displayed along with detrusor pressure. This was obtained after real-time 
subtraction of abdominal pressure from intravesical pressure. The 
radionuclide cystogram was acquired on the computer in 5-s frames using a 
64 X 64 matrix format. The combined urodynamic and gamma camera 
recordings were synchronized with a time marker prior to bladder filling 
and were followed through a complete filling and voiding cycle (duration 
20-30 min). The data acquired from both studies were stored in digital 
format. 
Analysis and Quantitation for QIC 
For quantitative isotope cystography, all the images of each 
cystogram were reviewed on a TV monitor. The presence of reflux could be 
identified visually in individual frames. Approximately 50 frames acquired 
during end-filling and voiding were summated and separate regions of 
interest (ROIs) defined around the bladder and each kidney. For each ROI 
plots of activity versus time were then generated for the whole period of the 
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study and printed graphically. The activity plots were digitized (TDS 001-
A4 tablet) and transferred to the Apricot computer for co-ordination with 
the cystometrogram using customized software (Gaeltec, Dunvegan, 
Scotland). The co-ordinated records were displayed on the computer 
monitor with radioactivity as counts/5s. A vertical cursor was used to 
select points of interest and to display the values for each of the parameters. 
For each point of interest the reflux volume in the kidney was calculated 
(vide infra) by a separate routine and displayed in tabular form with the 
coincident detrusor pressure and filling volume. 
To check the accuracy of transposition of individual radioactivity 
plots to the coordinated record, activity (x-axis) was confirmed with 
reference to the listing of counts/5s frame obtained from the gamma camera 
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computer. Integration with respect to time (y-axis) was confirmed during a 
phantom study, by placing a radioactive marker on the gamma camera 
whilst a pressure was simultaneously applied to the urodynamics pressure 
recording transducers. The agreement between the marks on the activity 
plots and those on the urodynamics traces was always within 5s (one 
gamma camera acquisition frame). 
The recorded radioactivity was corrected for background, decay and 
attenuation by tissue, to provide the true renal counts and bladder counts 
from which renal volumes (R) and bladder capacities were estimated. 
Background radioactivity within the ROIs was calculated from the data 
acquired before the start of bladder filling. Kidney depth was assessed as a 
function of body weights as derived by Gordon et al 剛 and used to 
estimate a correction factor for attenuation of activity by tissue. This was 
obtained from a graph derived independently using a source of Tc-99m 
pertechnetate and a Perspex (tissue equivalent) phantom 即】. 
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Reflux volumes occurring immediately before or during micturition 
(Rv) were further corrected to account for dilution of the filling solution. 
This may result from urine production during the course of the study or 
from residual urine present in the urinary tract at the outset. The dilution 
factor (D) was calculated from the activity present in the voided solution 
relative to that in the filling solution standard. The activities in aliquots of 
I both solutions were determined in a well counter (LKB 1282 Compugamma, 
Pharmacia; Milton Keynes, England). To estimate the actual bladder 
emptying efficiency without the confounding factor of active reflux during 
voiding a bladder emptying index (BEI) was calculated from the fall in 
counts in the bladder region of interest as the percent of pre-micturition 
bladder volume emptied during micturition, i.e. the total volume leaving 
through the urethra and by reflux. This was compared with the voiding 
efficiency (VE) obtained from volume measurements of the capacity and 
voided volumes. 
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For quantitation of reflux volumes and bladder emptying efficiency, 
the following formulae were used: 
1) Recorded reflux volume in millilitres (R) 




r = renal counts/5 s; 
b = background counts/5 s; 
S = standard counts/5 s/ml; 
F = attenuation factor for kidney depth; 
0 1149 
exp ' = function for half-life technetium-99m; 
T = time interval (h): 
(between counting standard and micturition) 
2) Corrected reflux volume (ml): 
voiding and late fill (Ry) = R / D; 
early filling (Rp) at time (t) = R^ (Ey + V^) / V^ 
where : 
R=recorded reflux volume (ml, see above); 
D = voided solution cpm/ml / filling solution cpm/ml; 
1 1 R = recorded reflux volume (ml) at time t ； 
1 1 V = filling solution volume (ml) at time t ； 
Ev = endogenous volume : 
(end filling volume / D) - end filling volume 
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3) Corrected capacity and true residual volume 
Corrected bladder capacity = end filling volume/D 
True functional residual volume = corrected capacity - voided 
volume 
4) Bladder emptying index (BEI) 
=(Bc-Pre _ Bc-Post) / B^ -pre x 100% 
where : 
Bc-pre = bladder counts/5s immediately before micturition; 
Bc-post= bladder counts/5s immediately after micturition. 
Measurements were expressed as mean 士 1 standard deviation of 
measurements unless otherwise specified. Differences between different 
subgroups were tested using chi-square test with Yates's correction and the 
Wilcoxon signed rank test and p values of < 0.05 were regarded as 
statistically significant. The agreement between the BEI as calculated by the 
decrease in bladder counts from the QIC and the VE as shown by volume 
measurements from cystometry were tested by the Altman and Bland 
analysis. This was performed by plotting the difference between the paired 
values of BEI and VE against the mean of the pair. 
I Results II 
As described previously in Chapters 13 and 14, six different 
urodynamic patterns could be recognized from natural filling urodynamic 
studies. Of the 43 infants, 14 had a normal pattern, 5 had an immature 
pattern, 2 had a dyssynergic pattern, 9 had an unstable pattern, 12 had an 
inadequate pattern and 1 had an obstructive pattern (Table 16.1). There 
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was a significant relationship between bladder functional status and 
persistence of VUR. In those infants with normal or immature bladder 
function (n = 19; 14 boys, 5 girls), reflux rarely persisted (1/19; 5%). In 
contrast, reflux persisted in 22 of 24 infants (92%) with abnormal bladder 
function. Incomplete bladder emptying was a common finding among 
infants with abnormal bladder function. Of the 24 infants with either a 
dyssynergic, unstable, inadequate or obstructive pattern, 21 had inefficient 
emptying (Table 16.1). 
The observed patterns of reflux and refluxing volumes varied widely 
during the isotope cystography (Figure 16.1). Reflux volumes sometimes 
increased progressively during filling without any abnormal rise in 
intravesical pressure. In contrast, incremental reflux could also occur 
throughout filling but in association with a series of unstable detrusor 
contraction. Reflux during filling was not necessarily accompanied by 
increased reflux volumes during voiding. Where increased volumes of 
reflux into renal areas were seen during voiding these were not necessarily 
associated with peak detrusor pressure and often the increased reflux 
volumes occurred whilst intravesical pressure was falling. Of the 23 infants 
with persistent reflux, its occurrence only during micturition was 
uncommon (6/23; 26%). Most of the patients had reflux started during 
bladder filling (18/23; 78%) which increased during voiding (14/18; 78%). 
There was a large variation in the reflux volumes in individual 
infants with persistent VUR, which ranged from 2 - 80 ml (mean 士 SD: 15.5 
±16 ml). There was no apparent correlation between reflux volumes and 
types of bladder dysfunction. Similar variation in reflux volumes existed 
within the same group of infants with a specific type of abnormal bladder 
function (Table 16.2). 
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In general, infants with normal or immature bladders have good 
bladder emptying whereas those with abnormal functional patterns 
emptied their bladders poorly. There were however substantial variation in 
the BEI within each functional subgroups (Figure 16.2). Paired data of 
bladder emptying index and voiding efficiency (VE) were available in 34 of 
the 43 infants (Figure 16.3). In the remaining 9 infants precise counts of the 
bladder activity was not possible either because of spilling of urine 
containing radioisotope onto the nappy which overlapped with the bladder 
ROI; or due to other technical reasons. In those with normal or immature 
bladder function (n=13), there was a good agreement between BEI and VE 
(mean of difference = 1%; SD = 3.75%). Using this SD to calculate the upper 
and lower limits of agreement between BEI and VE, and by plotting the 
differences between the paired values of BEI and VE against the mean of the 
pair, an Altman and Bland analysis could be performed (Figure 16.4). Ten of 
！ 
I 21 infants with abnormal bladder function showed a BEI that was 
significantly better (>2 SD difference) than the VE indicating that active 
reflux during voiding did contribute in part to the urodynamic impression 
of inadequate emptying. However, in only 2 of these 10 infants was the BEI 
greater than 70% (n=10; mean BEI = 58%; SD = 19%), which implies that 
even after accounting for reflux into the upper tract, 80% (8 of 10) of the 
inadequate bladders still had poor emptying. 
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I Discussion || 
Vesicoureteric reflux is a dynamic event which is closely related to 
the functional status of the bladder. It has been demonstrated in the dog 
that in the presence of reflux bladder pressures are freely transmitted into 
the ureter and the pelvicalyceal system, especially if the ureter is dilated [328, 
I 
329�.Unstable detrusor contractions occurring during the filling phase and 
sustained elevation of intravesical pressure in a noncompliant, trabeculated 
bladder can therefore produce a water-hammer effect on the kidney, 
thereby affecting urine excretion. In addition, in the presence of VUR the 
normal bladder emptying mechanism is disrupted. Instead of expelling 
urine completely through the urethra with bladder contraction a significant 
proportion of the urine will be discharged into the upper urinary tract, viz. 
an aberrant micturition The refluxed urine will then refill the bladder 
almost immediately after the detrusor contraction, resulting in inefficient 
emptying and residual urine. To understand the dynamics of such a 
complex sequence of events it is necessary to employ a much more 
sophisticated and physiological investigation than the conventional MCU. 
The combination of isotope cystography with simultaneous urodynamic 
recording provides a graphical representation of the dynamic events which 
constitute the reflux phenomenon and further permits quantitation of 
refluxed fluid volumes at specific times during the filling and voiding cycle. 
The concept of quantitative isotope cystography was first introduced 
by Nasrallah et al 刚 .T h e technique was subsequently modified by Godley 
et al [327�in older children. When applied to young infants in this study 
some further technical modifications were required. The use of suprapubic 
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catheters placed under general anaesthesia at least 24 hours before the 
examinations ensured that the infants did not receive any more painful 
stimulation immediately prior to the procedure. Instead of sitting on a 
commode in a reclining position the infants were allowed to lie comfortably 
on a radiolucent table and positioned to enable radionuclide imaging of the 
bladder and kidneys in posterior projections. In the presence of the 
mothers and with continuous entertainment most infants were relaxed and 
remained quiet throughout the procedure. No studies had to be abandoned 
because of lack of patient cooperation. 
A number of factors have to be considered when translating counts 
recorded from a ROI into fluid volumes in the urinary tract. These include 
the attenuation of activity by tissue depth, changing geometry and dilution 
by endogenous urine of activity in the filling solution. The complex effects 
of changing bladder geometry with filling and emptying makes it 
inappropriate to calculate reflux volumes from a simple counts per unit 
volume relationship derived after recording activity from a bladder ROI, 
although this method has been used uncritically [3i2, 313]• in this study 
correction factors have been applied for the attenuating effects of tissue 
depth and filling solution dilution. It is also clear that reflux volumes 
calculated from renal ROIs do not reflect absolute volumes of fluid passing 
retrogressively out of the bladder into the upper tracts, since some fluid 
remains in the lower ureter behind the bladder and outside the renal ROIs. 
Neither the conventional cystogram nor the direct isotope cystographic 
technique described in this study can accurately emulate the physiological 
movement of urine when bladder filling occurs naturally from the upper 
tract. A quantitative indirect technique combined with synchronous 
urodynamics may provide better analysis of urinary tract function during 
reflux, but the translation of recorded activity into urine volumes becomes 
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exquisitely difficult, [3i4] particularly with respect to the assessment of 
reflux during filling. Nevertheless the reflux volumes described in this 
study provide a carefully standardized quantitative index of the reflux 
problem. 
Considerable variations exist between individual refluxing infants in 
the occurrence of reflux during bladder filling and/or emptying and the 
refluxing volumes. Of particular interest was the observed pattern of reflux 
during voiding. The volume of reflux was not always maximal with the 
highest intravesical pressure, and a surge of reflux was often seen while 
bladder pressure was falling. It is possible that during isometric detrusor 
contraction the antireflux mechanism at the ureterovesical junction is 
partially restored, which becomes less effective again as the bladder volume 
diminishes with voiding or when detrusor relaxation occurs. Reflux during 
filling was often associated with unstable bladder contractions, which 
usually increased with micturition. As there is a high incidence of 
persistent reflux in infants with an unstable bladder (8 of 9 cases, 89%) in 
this series, our results explain the findings from previous reports that reflux 
occurring during filling, or at "low pressure", is less likely to resolve 
spontaneously, and often has a worse prognosis, than that occurring only 
during voiding, or at "high pressure" [3i5' 3i6]. it is clear that these broad 
and nonspecific concepts will need to be redefined by more precise 
physiological parameters obtained by combining the observation of reflux 
during cystography in conjunction with a simultaneous urodynamic study. 
As it has been shown that VUR associated with detrusor instability 
responds favourably to treatment with anticholinergic drugs [45, i82�, our 
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results also suggest that there may be a great difference in terms of 
spontaneous resolution and scarring potential, and hence the appropriate 
treatment strategy, between reflux occurring freely at low bladder pressures 
and reflux occurring with high pressure unstable bladder contractions at 
the same stage of bladder filling. 
Some of the infants in this series with gross reflux had bladders with 
huge capacities that emptied extremely poorly and markedly dilated 
refluxing ureters. Such a clinical picture was compatible with the 
previously described "megaureter-megacystis syndrome" 332]. it is 
interesting to note that in the report by Willi and Lebowitz (1979), all the 22 
children described with such a syndrome were boys, of whom 8 (36%) had 
thick-walled trabeculated bladder. This coincides with the previous 
findings from infants with prenatally diagnosed VUR which shows a 
preponderance of males who tend to have increased bladder wall thickness 
(Chapter 7). This supports the hypothesis of this author that there may be 
an obstructive element in the pathogenesis of reflux in male infants. 
The intricate relationship between reflux and impaired bladder 
emptying has remained a very important but hitherto unsettled issue. 
Recurrent urinary infections associated with large post-micturition residues 
have been regarded by most paediatric urologists as an absolute indication 
for antireflux surgery [22, 134, 135]. With the help of quantitative isotope 
cystography (QIC), we have established for the first time a clear image of 
the significance of reflux in the contribution to poor bladder emptying 
efficiency. Using the BEI as an indicator of absolute bladder output, it was 
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demonstrated that VUR did not contribute significantly to impaired bladder 
emptying in 11 of 21 infants (52%) who had an inadequate urodynamic 
pattern. In the remaining 10 infants where active reflux did contribute in 
part to the poor bladder emptying, only 2 had a BEI greater than 70%. This 
implies that in the majority (80%) of patients with inadequate bladders 
associated with reflux, the failure of the bladder to empty is a primary 
problem rather than a secondary phenomenon to VUR. 
The findings in this study support the concept that VUR is a 
complex, heterogeneous condition with different pathophysiological 
entities. It is therefore inappropriate to base a treatment policy on 
subjective anatomical information obtained from static images with 
conventional cystography. As our findings indicate that a high proportion 
of infants with reflux have abnormal bladder functions, it is arguable 
therefore that treatment of 'primary' VUR should be directed towards the 
underlying bladder problem rather than the reflux itself [i77,3i7,3i8]. 
2 5 9 '' 
I 
Table 16.1 Correlation between different urodynamic patterns, 
maximum voiding pressures (Pdetmax), bladder capacity, 
bladder emptying efficiency and persistence of reflux. 
Mean Bladder Incomplete Emptying Persistence 
Urodynamic Pdetmax capacity emptying efficiency of reflux 
Pattern (cm H20) (ml) 
Normal 104 士 35 86 ± 73 0 0.87 土 0.06 1 
(n = 14) 
Normal/ 125 士 35 65 士 49 0 0.81 ± 0.08 0 
Immature 
(n = 5) 
Dyssynergic 155 土 10 98 士 95 2 0.64 土 0.06 2 
(n = 2) 
Unstable 99 士 35 118 士 150 6 0.64 土 0.15 8 
(n = 9) 
Inadequate 土 21 195 士 73 12 0.38 土 0.2 11 
(n = 12) 
Obstructive 274 70 1 0.22 1 
(n = 1) 
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Table 16.2 Different urodynamic patterns versus reflux volumes. 
Urodynamic Persistence Range of Mean reflux 95% confidence 
Pattern of reflux reflux volume (ml) interval 
volume (ml) 
Normal 1 - 8 -
(n = 14) 
Normal/ 0 - - -
Immature 
(n = 5) 
Dyssynergic 2 2 - 1 1 7 ± 6 0 - 5 7 
(n = 2) 
Unstable 8 2 - 4 0 3 土 12 3 - 2 4 
(n = 9) 
Inadequate 11 2 - 8 0 20 ± 21 6 - 3 4 
(n = 12) 
Obstructive 1 - 10 -
(n = 1) 
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Figure 16.1 Radionuclide cystometrogram in an infant with detrusor 
instability showing an increase in activity in renal ROIs 
associated with unstable bladder contractions. 
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Figure 16.2 Bladder emptying index (BEI), reflux volumes and 
urodynamic patterns. 
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Figure 16.3 Bladder emptying index (BEI) versus voiding 
efficiency (VE). 
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Figure 16.4 Bladder emptying index (BEI) and voiding efficiency (VE): 
Altman and Bland analysis. 
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SECTION III 
DISCUSSION 
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I Introduction [| 
Primary vesicoureteric reflux (VUR), which implies an abnormal 
retrograde propulsion of urine from the bladder to the upper urinary tract, is 
a common urological problem in children. Since the classic studies of Hutch, 
followed by Hodson, on its pathophysiology and its association with chronic 
pyelonephritis in the 1960，s [6-"], VUR has remained a subject of intense 
experimental and clinical research over the last 3 decades. More than 4,500 
articles on VUR have appeared in the medical literature. Reflux has since 
been widely regarded as the result of a congenital developmental anomaly of 
the ureterovesical junction [22，28，36，42] Renal scarring, or reflux 
nephropathy (RN), is generally recognized as a phenomenon acquired 
postnatally due to a combined effect of VUR, intrarenal reflux (IRR), and 
urinary infections ["，88，102，i07] Despite being the focus of intense 
research interest, however, many questions on VUR have been left 
unanswered. There are still major disagreements on the treatment of choice 
for VUR and the indications for anti-reflux surgery. Large prospective 
controlled trials, notably from the Birmingham UK Group and the 
International Reflux Study Group，have not demonstrated benefits of one 
i , 
treatment modality over the other: both medical and surgical therapy appear 
to be equally effective [i32-i34] 丁。date, considerable confusions still exist as 
to the etiology of VUR, the appropriate investigation for its diagnosis and 
classification, the effect of reflux per se on renal growth and function, its 
relationship with bladder dysfunction and urinary infections, the 
pathogenesis of reflux nephropathy, and most importantly, the management 
strategy and the preferred treatment especially in individual cases. It is the 
belief of this author that a major reason for this state of confusions is that 
VUR has been erroneously regarded as a unique, homogeneous condition, 
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and has been managed likewise up to present [335]. The various studies 
contained in this thesis were therefore designed to explore different 
pathophysiologic entities of reflux, with an aim to resolve on some of the yet 
unanswered questions that surround primary VUR. 
A. ETIOLOGY OF PRIMARY VUR 
The widely accepted "ureteric bud theory" by Mackie and Stephens 
(1975) postulates that a primary error during embryogenesis of the ureteric 
bud may initiate a chain of events resulting in maldevelopment of the 
ureterovesical junction and reflux [36]. It was proposed that if the ureteric 
bud arises from an inappropriate (either too caudal or too cranial) position of 
“ the mesonephric duct, the ureteric orifice would be located in an abnormally 
lateral position on the trigone and hence predisposes to VUR. Furthermore, 
the eventual point of contact between the ureteric bud and the metanephric 
blastema would also be ectopic, thereby predisposing to renal malformation. 
In a further study Sommer and Stephens (1981) reported that the degree of 
lateral displacement of the ureteric orifice correlated well with the degree of 
renal maldevelopment 問 . A similar strong correlation however has never 
been reproduced by other studies 州.. 
Such a concept has led many to envisage VUR as a unique, 
homogeneous congenital disorder. Unfortunately the theory has failed to 
offer any explanation to the marked differences in behaviour between the 
two sexes: symptomatic reflux is seen predominantly in females after the age 
of 2 - 3 years but during the first year there is a significant male 
preponderance, which has been consistently observed by various workers in 
infants with reflux diagnosed by antenatal ultrasound screening [59-65] j j j 
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addition, the fact that a large proportion of refluxing ureters will resolve 
spontaneously without treatment in the first few years of life is not in 
accordance with most other primary congenital anomalies. Further studies of 
infants with prenatally diagnosed VUR by this author have revealed striking 
differences between males and females (Chapter 7). Boys had significantly 
more bilateral fetal hydronephrosis and more high grade reflux than girls. 
Over half of the prenatally diagnosed refluxing units in boys were grades IV 
I 
to V as compared to only 20% in girls. A significant proportion of the 
refluxing kidneys in boys had abnormal early DMSA scans at birth, 
apparently without any contribution from urinary infection. In particular, the 
small "dysplastic" kidneys were almost confined exclusively to the male 
refluxers. These findings suggest very strongly that primary VUR in male 
and female infants probably involve different pathogenetic mechanisms. The 
startling finding of increased bladder wall thickness in some of the boys 
further suggests that a degree of bladder outflow obstruction may have 
occurred in-utero in these male refluxers. This can lead to gross VUR and 
renal maldevelopment as are commonly seen in many boys with posterior 
urethral valves. It is probable that a transient period of obstruction may be a 
common event during the complex development of the male urethra. 
Spontaneous resolution of such obstruction either in-utero or soon after birth 
may account for the high spontaneous resolution rate of even high grade 
reflux in early postnatal life. 
The findings from the urethrogram study (Chapter 9) provide direct 
supporting evidences to this hypothetical intrauterine bladder outflow 
obstruction. Nearly 40% of the urethrograms from male infants with 
prenatally diagnosed VUR were concurrently judged to be abnormal by two 
independent observers. Abnormal urethras in general were associated with 
higher grades of reflux. Of those who had urethroscopic examinations 
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subsequently, 70% had various congenital obstructive anomalies in the 
urethra. In one infant there were in fact multiple obstructive elements in the 
bulbous and posterior urethra which included a ruptured syringocele, a 
Moormann's ring and congenital obstructive posterior urethral membranes 
(COPUM). It is important to note that these urethral lesions are associated 
with more subtle changes in the urethrographic appearances and are therefore 
easily missed by conventional radiological studies. Accurate diagnosis of 
these relatively inconspicuous lesions necessitates direct vision of the 
infantile urethra with small-sized, high resolution cystourethroscope that are 
only available over the last two decades with refinement in optical 
technology. The traditional concept of labelling VUR as 'primary' because 
no apparent underlying pathology can be found using conventional MCU 
hence will need to be modified. 
It is therefore possible that there are at least two different pathogenic 
entities of 'primary' VUR that may be found in infancy: (i) those arising as a 
result of a congenital maldevelopment of the ureterovesical junction as 
depicted by Douglas-Stephens' ureteric bud theory; and (ii) a second group 
of patients, the majority of which are males, who have transient intrauterine 
bladder outflow obstruction as the initiating event for the reflux. This latter 
will resolve shortly after the obstruction is gone, often during the first few 
months of postnatal life. The difference between these two groups might be 
abnormal bladder function, occurring presumably as a result of the 
intrauterine outflow obstruction. The findings from the early (6 months) 
urodynamic studies in infants with gross primary VUR that the majority had 
significantly higher voiding pressures than control infants (Chapter 13)， 
which tended to normalize by 15 months in association with spontaneous 
resolution of reflux (Chapter 14)，indicate that the second group of patients 
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with VUR initiated by transient outflow obstruction not only exists, but it 
probably forms the majority. 
It is of course arguable that the various types of bladder dysfunction 
may simply be part of a whole spectrum of primary developmental anomalies 
of the urinary tract that arises as, for instance, the result of a misplaced 
ureteric bud. However, the findings that the majority of patients with 
abnormal bladder function detected at 6 months would improve 
i 
spontaneously on follow-up studies at 15 months suggest that a primary 
developmental anomaly is unlikely (Chapter 14). Furthermore, the 
observation that the detrusor function and voiding efficiency of some of the 
inadequate bladders improved dramatically after artificial emptying indicates 
that the pathologic process causing the bladder dysfunction was at least 
partially reversible. This again would contradict the predication of a primary 
congenital anomaly and further support the hypothesis of a transient outflow 
obstruction as the underlying triggering event for the abnormal bladder 
function. 
B. PA THOGENESIS OF REFLIJX NEPHROPA THY 
Traditional concepts envisage reflux nephropathy (RN) as a 
postnatally acquired phenomenon due to a combined effect of intrarenal 
reflux and urinary infections [！之，88，i02-i05，i07] p^j. g^gg attention has been 
focused on the contribution of in-utero renal maldevelopment (dysplasia). 
Results from studies on refluxing infants with fetal hydronephrosis however 
have revealed that dysplastic renal malformations are not uncommon [59，6i-
63�. This has been confirmed by histopathological examinations of 
nephrectomized specimens from children with gross reflux and poorly 
functioning kidneys (Chapter 8). Different postulations can be made to 
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account for this observation of reflux-associated intrauterine renal 
maldevelopment. Firstly, it can be visualized that VUR operating in-utero 
can produce a significant functional obstruction by its hydrodynamic effect 
to interfere with normal metanephric differentiation [86]. Secondly, renal 
dysplasia and VUR may be separate ends of expression of a primary urinary 
tract malformation, as described by the ureteric bud theory [36]. 
That reflux-associated renal dysplasia, either documented by early 
DMSA scans in infants with fetal VUR or by histological studies of 
nephrectomized specimens (Chapters 7 and 8), has a marked male 
preponderance has however rendered both postulations difficult to stand. 
This has therefore led to a third hypothesis by this author that both VUR and 
renal malformation may have occurred as a result of a transient intrauterine 
bladder outlet obstruction, which is probably a common or even normal 
I phenomenon during the complex development of the male lower urinary 
i I 
tract. The increased bladder wall thickness and the abnormal urethrograms 
observed in male refluxing infants (Chapters 7 and 9 respectively) have 
provided very strong supporting evidence to this hypothesis. Direct 
endoscopic examinations in some of these male refluxing infants (Chapter 9) 
have in fact identified various urethral lesions that had almost certainly 
caused some degree of outflow obstruction during intrauterine life. 
Reflux nephropathy should thus be seen as a spectrum: those patients 
presenting in later childhood, who are predominantly females, have largely 
acquired disease characterized by segmental scarring which is due to a 
combined effect of reflux and urinary infection; whilst those presenting 
early, particularly in infancy, are predominantly males whose renal damage 
has a significant element of dysplastic development, although varying 
degrees of acquired scarring may be superimposed postnatally. Transient in-
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utero bladder outlet obstruction probably plays an important role in the 
second category. Most importantly, the traditional wisdom of regarding renal 
'scarring’ as an evidence for failure of conservative treatment and hence an 
indication for antireflux surgery should be modified. A new management 
strategy should be designed to accommodate for renal damage that were 
incurred in-utero and therefore will not be altered by any form of postnatal 
treatment. 
C. PI A GNOSIS AND GRADING OF VUR 
Although the conventional MCU has been used as the gold standard 
for the diagnosis and grading of VUR, it has long been recognized that the 
examination is unphysiological and not without pitfalls. Severity of VUR, as 
measured by the degree of upper tract dilatation demonstrated on MCU, has 
little predictive value to the clinical course of the reflux especially with 
respect to the occurrence of breakthrough urinary tract infection and 
pyelonephritic renal scarring. The new technique of direct radionuclide 
cystography under natural filling with synchronous urodynamic recording 
(NFDIC) introduced by this author has shed new light to the complex 
dynamics of the reflux phenomenon. A significant proportion of the 
refluxing units, particularly the milder grades, demonstrated by conventional 
MCU were not shown up by NFDIC. It is possible therefore that some 
cases of VUR diagnosed by MCU may actually be an artefact arising 
from the unphysiologically high bladder pressures that are at times 
inevitable with violent struggling of the patient during the 
examination. The corollary of this finding is serious: children may be 
prescribed long-term continuous prophylactic antibiotics not because 
of a pathologic condition that needs treatment de facto, but merely for 
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a radiological sign that is iatrogenically introduced by the 
investigatory procedure. 
Findings from the NFDIC also showed that detection of VUR was in 
fact significantly related to the presence of underlying bladder dysfunction. 
Furthermore, it has been demonstrated for the first time that reflux occurring 
during the filling phase was closely associated with unstable bladder 
contractions. The traditional concept that reflux during the filling phase 
occurs under low pressure is therefore probably erroneous [35，i89] a s 
detrusor instability predisposes to urinary infections and renal 
scarring, this also explains the assertion by previous workers that "low 
pressure" reflux, i.e. reflux occurring during bladder filling, has a 
poor prognosis 口；，189，i9i, 192] 
j4.’ 
More importantly, detection of reflux by NFDIC in the first year had 
a significant correlation with the outcome of reflux on follow-up 
cystography during the second year of life. The positive and negative 
predictive values for the persistence of reflux at 15 months of age by an 
early NFDIC at 6 months were 93% and 79% respectively. This has 
paramount importance to the understanding of the pathophysiology of the 
whole reflux phenomenon. For the first time the detection of VUR was 
directly linked to an underlying pathologic mechanism rather than the 
traditional concept of a congenitally maldeveloped ureterovesical junction. 
Only 10% of the refluxing units demonstrated by NFDIC were associated 
with a normal or normal/immature urodynamic pattern. This further supports 
my previous assertion that reflux should perhaps be regarded more as a 
radiological manifestation of the underlying bladder dysfunction rather than 
a disease entity that requires treatment per se. 
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D. BLADDER DYSFUNCTTON AND MANAGEMENT OF VUR 
During the initial design of the various clinical studies to verify the 
hypothesis that transient in-utero outflow obstruction might be an important 
factor in the pathogenesis of VUR, it was anticipated that urodynamic 
studies in the male refluxing infants would show uniformly an obstructive 
pattern. The finding that different urodynamic patterns existed in young 
refluxing infants, and that an obviously obstructive pattern in fact turned out 
to be a rarity, therefore came initially as a surprise. It was only after a 
sufficient number of cystometric studies have been performed in normal 
‘control’ infants for comparison that the detrusor hypercontractility in most 
of the refluxing infants became apparent. The important observation that the 
high voiding pressures in these young refluxing infants were no longer 
I • 
detected during follow-up urodynamic studies at 15 months provides indirect 
but firm supportive evidence to the hypothetical intrauterine outlet 
obstruction. The fact that the normalization of the hypercontractile state 
occurred within the first year of life suggests that the obstruction must be 
transient, having resolved spontaneously either in-utero or soon after birth. 
That different patterns of bladder dysfunction exist in infants with 
gross VUR has an important bearing on the management (Chapters 13 and 
14). It has been well described that VUR associated with detrusor instability 
and sphincter dysyynergia responded favourably to treatment with 
anticholinergics [45，182] However, it is obvious that anticholinergic therapy 
will not be effective in the management of patients with either an inadequate 
or an obstructive bladder. The observation that in some of the refluxing 
infants with an inadequate bladder the detrusor contractility and voiding 
efficiency improved dramatically after artificial emptying of the bladder has 
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an important implication to treatment. It is highly possible that such 
inadequate bladders represent a decompensated system as a result of, for 
instance, chronic outflow obstruction not dissimilar to those encountered in 
elderly males with prostatic hypertrophy. Periodic emptying of these 
bladders by early institution of clean intermittent catheterization should 
therefore be advised to avoid the development of irreversible changes to the 
bladders as well as renal functional impairment. 
The identification of various congenital urethral lesions in all of the 
male infants showing an obstructive urodynamic pattern is again very 
important. One must remember that these lesions are often missed by 
conventional radiographic studies, as was the case in all our patients. 
Endoscopic examination must therefore be performed in any refluxing infant 
who has an obstructive urodynamic pattern, especially if the reflux worsens 
with time. 
The significant correlation between the bladder functional status and 
the clinical outcome of reflux is startling but extremely important to future 
management strategy of VUR (Chapter 14). Persistence of reflux can be 
anticipated if there is underlying bladder dysfunction. Conversely, if the 
bladder function has been normalized then it is likely that the reflux has 
resolved spontaneously. It is interesting to note that some of the dyssynergic 
or unstable bladders documented at 6 months have in fact decompensated 
and become 'inadequate' upon follow-up studies at 15 months. Timely 
management by anticholinergic drugs during the first year might therefore 
seem prudent. Prospective studies in this direction is required. 
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The good predictive value of the NFDIC for the outcome of reflux is 
encouraging and further underlines that the conventional MCU technique is 
too unphysiologcial. One would agree that the NFDIC gives a picture much 
nearer to the natural physiological state and hence it is not too surprising that 
the results have a much more important bearing on the clinical outcome. 
Detection of VUR by the NFDIC is usually associated with underlying 
bladder dysfucntion and persistence of reflux. Conversely, absence of reflux 
on NFDIC, which is usually associated with a normal bladder function, 
implies that VUR occurs with a marginally incompetent ureterovesical 
junction only under extremes of pressures induced by the MCU. The new 
technique therefore provides a valuable prognostic index as to the clinical 
outcome and hence guidance to treatment. 
E. CONCLUSIONS 
In conclusion, the following statements can be made: 
(i) Primary VUR and RN in male and female infants probably involve 
different pathogenic mechanisms. 
(ii) Post-pyelonephritic segmental scarring was frequent in both males and 
females with RN, but evidence of dysplastic changes suggestive of 
intrauterine renal malformation was confined only to males and 
occurred in the majority. 
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(iii) High grade reflux in male infants with or without renal maldevelopment 
may represent the sequelae of a transient in-utero episode of bladder 
outlet obstruction and should therefore probably be regarded as a 
different entity from symptomatic reflux in older children, particularly 
females. 
(iv) Bladder dysfunction, mostly in the form of significant detrusor 
instability and inadequate bladder emptying, is a common finding 
among young male infants with 'primary' vesicoureteric reflux. 
(v) There is a strong correlation between the bladder functional status and 
the early outcome of primary VUR. 
(vi) Proper substratification of VUR into different pathogenic entities, with 
particular reference to the presence or absence of bladder dysfunction 
and renal dysplasia, should form an integral part in the overall 
management of VUR in children. Appropriate treatment should 
probably be directed towards the underlying abnormal bladder function, 
rather than the reflux itself. 
I 
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